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ABSTRACT 


The Synthetic Bathymetric Profiling System (SYNBAPS) 
consists of 10 FORTRAN IV computer programs, a random-access 
storage device, and an initial bathymetric data base of over 
3 million data points. SYNBAPS is designed for rapid 
generation of random omnidirectional bathymetric profiles 
in digital form along great-circle paths. The initial data 
base will cover most of the Northern Hemisphere and will be 
extended to other regions as suitable bathymetric contour 
charts become available. 


Data derived from the bathymetric contour charts are 
structured into a gridded data, surface by the application of 
a cubic spline algorithm. The gridded data are stored ona 
random-access storage device by 5-degree-square areas. An 
accessing program, initiated by a user's request, extracts the 
5-degree-square blocks of data for processing. The interpolation 
of the final profile is accomplished by orienting a cubic spline 
algorithm along a great-circle path and interpolating the depth 
values from the 5-degree squares falling on the path. A status 
program checks the content and condition of the random-access 
storage device. 


SYNBAPS will provide bathymetric profiles at about one-fifth 
the cost and one-hundredth the time of present semiautomated 
methods. 
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FOREWORD 


This report describes a computer system and programs that 
will establish a world-wide bathymetric data bank and generate 
computer-drawn bathymetric profiles. The research was performed 
by the Naval Oceanographic Office in support of the Office of 


Naval Research, Long Range Acoustic Propagation Project, which 
It is part of a major bathymetric charting 


provided funding. 

project covering the North Atlantic and North Pacific Oceans. 
Bathymetric data, usually in the form of profiles, are essential 
elements in the development of acoustic propagation models and 


predictions, which are required for naval planning, systems 
The computerized bathymetric 


development, and operations. 
profiling system and specialized data bank described here will 


generate computer-drawn bathymetric profiles at a small fraction 
of the time and cost of manually produced profiles. This 
specialized data bank will be operational when approximately 

600 5-degree-square areas have been structured on a random-access 
storage device. Presently, the contour data required for the 
structuring procedure are being digitized under ONR-LRAPP 


contract No. N00014-72-C-0466. 
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INTRODUCTION 


The need for a computerized bathymetric data bank and 
techniques for rapidly manipulating large quantities of data 
became evident as demand upon the Naval Oceanographic Office 
for bathymetric profiles increased and became more urgent. It 
became increasingly difficult to satisfy these demands through 
manual compilation of depth soundings, contouring, and profile 
constructions. A massive recompilation and reanalysis of 
bathymetric data, systematic revision of all bathymetric charts 
in the North Atlantic and North Pacific Oceans, including 
extension of chart coverage to the equator, was underway. At 
the same time the impracticality of using the existing data bank 
of bathymetric soundings for machine generation of profiles 
became apparent. The need for a specialized bathymetric data 
bank to support acoustic - oceanographic modeling gave rise to 
development of a synthetic bathymetric profiling project using 
the new bathymetric contour charts as the data base. The project 
developed procedures for digitizing the contour charts, and 
computer programs and subroutines for data storage and retrieval 
and for profile generation. Mr. Thomas M. Davis, Naval Oceano- 
graphic Office, provided special assistance in developing 
programs SPLINT (SYNGRID), BURNS (SYNCON2R), BATHY (subroutine 
BATHY) and DAWHAT (SYNCHEX) and contributed to the basic philosophy 
regarding SYNBAPS. Mr. J.D. Brown, Naval Oceanographic Office, 
assisted in the software development and digitization of the test 
data. 


Funds for this project were provided by the Office of Naval 
Research through the Long Range Acoustic Propagation Project. 


One of the basic inputs to most Navy long-range, acoustic 
propagation models are bathymetric profiles in digital form. These 
profiles usually are plotted along a great-circle path (glossary) 
as a function of range versus depth. Two methods of generating 
such profiles generally have been employed. In the first, a ship 
sails a predetermined great-circle path collecting continuous 
bathymetry using a precision depth recorder (PDR). If the course 
is accurately adhered to, the PDR record can be merged with the 
navigational record to obtain the bathymetric profile. If the 
navigational record is poor, the track of the ship will have to 
be adjusted and normalized to obtain a satisfactory bathymetric 
profile. A profile thus produced is accurate and retains most 
of the high frequency information but is costly in ship time, 
hard to schedule, and usually results in only a single profile. 


A second means of obtaining a bathymetric profile is to plot 
a great-circle path on a bathymetric contour chart, or series of 
charts, and digitize the range and depth at the intersection of 
the path with each bathymetric contour. When a large number of 
great-circle profiles, each several thousand miles long, involving 
dozens of bathymetric charts, are constructed, the labor costs are 
considerable. Profiles produced manually from charts tend to be 
schematic, blocky, and subject to human error. Most importantly, 
both of these methods are slow and cannot be achieved in real time. 


Although various phases of both methods have been automated, 
within the Navy and elsewhere, no totally satisfactory solution 
has been achieved to the present time. The system proposed in 
this report is one approach to solving the above problems. 


The Synthetic Bathymetric Profiling System (SYNBAPS) is a 
combination of digital computer software (programs) and a random- 
access storage file (presently a CDC 813 permanent disk) of gridded 
bathymetric data, employed to generate random, great-circle, 
bathymetric profiles suitable for acoustic propagation modeling. 
SYNBAPS is completely automatic, requiring only the input, via a 
control card, of the latitude and longitude of the beginning and 
end points to extract the desired profile. The profile also can 
be generated given the latitude and longitude of the beginning 
point, the bearing, and the maximum range. The generated profile 
is available in two forms. The first is a computer-drawn profile 
where range in whole nautical miles is plotted against depth, in 
either meters or fathoms; the second is a punched card deck of 
the same data. The profile outputs in card image are available on 
magnetic tape where large quantities of data are involved. 


A bathymetric profile along a great-circle path of about 
8,000 nm can be generated in approximately 3 minutes of computer 
time on a second generation computer and can be plotted in about 
3 minutes on an incremental plotter. A cost comparison shows that, 
by present semiautomatic methods, a set of 19 short profiles 
totaling 9,000 nm required 144 man-hours at a cost of $900. The 
same profiles could be produced by SYNBAPS in 1.4 man-hours at a 
cost of $50, for a savings of 18:1 in dollars and 100:1 in time. 


OUTLINE OF SYSTEM OPERATION 


The SYNBAPS software can be broken down into three distinct 
program functions associated with structuring, accessing, and 
Sheehues) (Gesker5 sl) 


The structuring programs create a gridded bathymetric data 
base and structure it on a random-access device in a precise 
form. The smallest cell of the data base is a 5-minute-square 
grid where the north-south side is in meridional minutes or parts 
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FIGURE 1. SYNTHETIC BATHYMETRIC PROFILING SYSTEM DIAGRAM 


and the east-west side is in longitudinal minutes. Ona 
Mercator projection contour chart this is a 5-minute rectangular 
grid. The bathymetric data are logically formatted to place 
depth values at the intersection of each 55-minute grid crossing 
as shown in figure 2. 


The next level of structuring is to index the 5-minute cells 
into 5-degree squares called Marsden Square Locator numbers (MSQLOC) 
using the Marsden square system which divides the earth surface 
into 5-degree squares (fig. 3). Further subdivision of the 
Marsden square by quadrants is shown in figure 4. The MSQLOC is 
the quadrant number followed by the Marsden square number as 
follows: 


Marsden square number+quadrant = MSQLOC 
Example: 036+2 = 0362 


The MSQLOC is a unique worldwide reference to each 5-degree square 
of gridded bathymetric data. The MSQLOC area includes a 5-minute 
overlap of all sides as shown in figure 5 for MSQLOC 0362. 


The gridded bathymetric data base is created following the 
procedure used by Davis and Kontis (1970). However, accurate 
synthetic data derived from large and medium-scale bathymetric 
charts are used instead of original survey data. The synthetic 
track data are derived from charts by superimposing parallel track 
lines, 5 minutes apart, over the MSQLOC area. Extraction of the 
data usually starts from the lower left corner. The orientation 
of the track lines can be any direction from west-east (90° bearing) 
to nearly south-north (1° bearing), but not true north, which 
necessitates changing several statements in the gridding program. 
The only other restriction is that the first track be a west-east 
track across the MSQLOC area. The remaining tracks may be of any 
orientation and in any order. 


The data are extracted from the chart by digitizing the 
intersections of the synthetic track with the contours sequentially 
along the track. Interpolated points must be extracted for the 
beginning and end of each full track. These tracks must extend 
5 minutes beyond the MSQLOC area on all sides as shown in figure 6. 
Short tracks may be added to emphasize certain topographic 
characteristics such as spot elevations. These can be extracted 
at any orientation except true north-south as shown in figure 6B. 


Each digitized track is assigned a sequence number, but the 
physical order of the tracks in the card deck is arbitrary after 
the first track. These digitized tracks are inputs to the gridding 
program. The output from that program isapunched deck of gridded 
bathymetric data with the point or origin in the lower left corner. 
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FIGURE 2. SYNBAPS LOGICAL DATA GRID 
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FIGURE 5. EXAMPLE OF MSQLOC AREA 
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FIGURE 6. EXAMPLE OF SYNTHETIC TRACK ORIENTATION 


These data are physically unformatted. A number of error 
checks are made before and after the gridded bathymetric data 
are created. The gridded data then are placed on a random-access 
storage device using a predetermined "look-up" table (list of 
acronyms). At this point the data are ready to be accessed. 


At present, a bathymetric profile can be generated up to 
8,000 nm long and crossing 30 MSQLOC areas. This limitation can 
be increased if necessary. The accessing is initiated by 
supplying the latitude and longitude of a beginning and end 
point or the latitude and longitude of a beginning point with the 
bearing and maximum range. Combinations of these accessing schemes 
can also be used. 


The first step in retrieving a profile from the data bank 
is to generate its great-circle path. At the same time each 
MSQLOC area that the path crosses is identified and a search 
table of MSQLOC areas is created. For each MSQLOC area the 
search table contains the latitude and longitude of the first and 
last point in that MSQLOC area, the forward-looking bearing at 
both points, the accumulated range from zero for both points, 
and the MSQLOC area number. In turn, each MSQLOC area is called 
from the random-access storage device via the "look-up" table 
and the profile for that block of data is generated. This partial 
profile is then placed on a temporary magnetic tape. The next 
MSQLOC area is called from the random-access storage device and 
the cycle is repeated. At the end of profile generation the 
temporary magnetic tape is rewound. The plotting program is 
then called and the partial profiles are linked, punched on cards, 
and plotted and/or written on magnetic tape. 


The accessing program is structured so that long profiles 
generally are processed faster than numerous short profiles that 
total the same mileage. The great-circle path generation requires 
about 10 seconds for an 8,000-nm profile plus about 5 seconds 
for each full MSQLOC area crossed for the interpolation. 


The only maintenance to be performed to the system is the 
eventual updating of the gridded bathymetric data based on the 
random-access storage device. This is easily accomplished by 
recycling through the structuring phase of the system any MSQLOC 
area that requires updating and then replacing that block on the 
random-access storage device. 


A status report can be generated to check any or all MSQLOC 
areas. This report includes the random-access device's compatible 
data block size, the actual column and row sizes, the date the 
data block was added to the random-access device, the MSOQLOC 
area number, the rcellative address, land the actualy data, it nequassedr 
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SOURCE MATERIAL 


Bathymetric contour charts instead of recorded water depths, 
are the source for the SYNBAPS data base. No computer algorithm 
(glossary) that can successfully handle all qualities of bathy- 
metric-track-line data, resolve all navigational errors, and can 
apply a contouring philosophy to such data has been developed. 
These functions require the subjective judgement, based on 
knowledge of geologic processes, of the bathymetrist whose final 
product is the bathymetric contour chart. The bathymetrist's 
very subjectivity creates the data continuity which is a requisite 
element of SYNBAPS. A long profile requires on omnidirectional, 
continuous data base, something that is seldom achieved with 
either survey or random ship track line data alone. Using areas 
having high quality and dense data coverage as a framework, the 
bathymetrist extends, interpolates, and extrapolates regional 
trends into areas of lesser data to build a continuous picture 
of the submarine topography. 


Although SYNBAPS is designed for worldwide application, 
initially a data base will be created only for the Northern 
Hemisphere, and possibly the Indian Ocean. Other regions will 
be added to the data base when sufficient continuous data become 
available. The charts used for the North Pacific Ocean will be 
large to medium scale (1:1,000,000 or larger) versions of the 
U.S. Naval Oceanographic Office H.O. Pubs. 1301, 1302, and 1303 
(U.S. Naval Oceanographic Office 1969, 1971A and B). Recent 
unpublished large-to-medium scale charts compiled by the U.S. 
Naval Oceanographic Office will be utilized for the North Atlantic 
and Mediterranean Sea. Where applicable, classified data can be 
incorporated in the data base without compromising security. The 
gridded data point from a classified chart, which was contoured 
from classified data or fromamixture of classified and unclassi- 
fied data, will be indistinguishable from a data point from an 
unclassified chart. Only the originator will know which depth 
values were created from classified data and that they may be 
more accurate than other points. The originator will keep a 
separate noncomputerized file, indexed by MSQLOC areas, showing 
the source of the contours, their evaluation, classification, 
and other pertinent information. There will be no reference to 
original track spacing, area limits, navigation, sounding device, 
or platform within the data base. Preparation of the charts for 
digitization is discussed in more detail in appendix A. 


SYSTEM DESCRIPTION 


A. Structuring Programs 


iL. 


The relationship between structuring programs is given in 
a flow diagram in figure 7. The main processing programs are 
SYNTRACK, SYNCARD, SYNCHEX, SYNGRID, SYNCON2R, and SYNBLOCK (list 
of acronyms). One additional program that is unique to this 
particular system is the digitizer scaling program (CALMA 485) 
which scales on a Mercator chart the latitude, longitude, and 
depth for each contour intersection along the track. The output 
from this program is a binary magnetic tape of scaled values. 
Any digitizer and/or digitizer processor program can be used as 
long as it generates the same program elements regardless of 
output mode. 


The MSQLOC area to be digitized is mounted and leveled on 
the digitizer table (fig. 7). Starting in the lower left corner 
each track is scanned for data points from left to right and 
from bottom to top. The tracks are scanned an additional 5 
minutes on each end to permit interpolation rather than extra- 
polation on end points in the gridding program. The MSQLOC 
identification and operator name are entered as a header informa- 
tion group before the data scanning is begun. The binary coded 
decimal (BCD) magnetic tape generated by the digitizer is 
processed by the CALMA 485 processor program to produce a binary 
magnetic tape of scaled latitude, longitude, and depth data. The 
binary tape is processed by SYNTRACK which: 


e breaks up the data string into tracks, 
e checks for missing data points, 

e checks for operator errors, 

e reformats the data to card image, and 


@® punches out a header card, track card, data cards 
(one point per card), and a blank card. 


An illustration of this deck Structure is given in fvqune ss. Arter. 
errors have been corrected, the card deck generated by SYNTRACK is 
run through the SYNCARD program. This program checks to insure 

that the longitudes of contour intersections are not repeated, but 


either increase or decrease depending upon quadrant. In addition, 
this program tests the depth value to determine if it is within 
about plus or minus two times the contour interval. In regions 


of rapid depth change contours may be skipped if they are evenly 
spaced. All errors are flagged for correction. 


After all corrections have been made, the card deck is run 
through the track plotting program (SYNCHEX). This program plots 
the tracks as they were digitized and annotates each contour 
intersection on the synthetic track line with cross ticks. This plot 
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insures that the proper and sufficient number of points have 
been extracted from the MSQLOC area. Additional tracks of data 
can be created at this time, if required by the complexity of 
the submarine topography. SYNCHEX requires a control card that 
is in reality the first data card. The format for this card is 
given in figure 9. If no further corrections or additions are 
to be made to the data deck, the MSQLOC area is ready for 
conversion to gridded bathymetry. 


The SYNGRID program is fundamental to the structuring phase 
of SYNBAPS. SYNGRID transforms the synthetic track line data 
into gridded bathymetric data. The mathematical foundation and 
philosophy behind the one-dimensional cubic spline used to 
structure the gridded data is fully explained by Davis and Kontis 
(1970). SYNGRID is a modification by Davis of his original 
program (SPLINT) to handle bathymetric data instead of gravity 
data. SYNGRID is very flexible as it grids track-line-point 
data on either a Mercator projection or a Cartesian coordinate 
system and can compute mean data for various size cells on either 
system. Summarizing Davis and Kontis (1970), the value of this 
method lies not only in its ability to fit the observed data 
values but to retain the continuity of the first and second 
derivatives. This method might be considered the mathematical 
analog of the draftsman's plastic spline. 


Because the cubic spline is a function of only one independent 
variable, the data obtained along a synthetic track line must be 
adjusted to lie on a straight line. Under most conditions this 
creates no problem as the data are digitized along straight lines. 
The interpolation formula used by Davis fits each data exactly, 
has continuous first and second derivations, and is a simple cubic 
polynomial in x within the interval between each pair of data 
points. The distance along the track line then may be interpreted 
as the independent variable. Therefore, taking the data from one 
track at a time, the position of the data points are converted 
into x, y coordinates and a least squares straight line is fitted 
to these locations. Because no statistical significance is 
attached to this operation, either x or y may be considered the 
independent variable. The computer program listed in appendix B 
considers x the equivalent longitude as the independent variable. 
If the survey tracks happen to run exactly north-south, the 
program should be modified to consider y as the independent 
variable. 


The perpendicular distance between the least squares straight 
line and each data point is determined and used to project the 
points orthogonally onto the line with an adjusted data value 
(based on an estimate of the local gradient) assumed to be a 
function of distance only. If the perpendicular distance between 
this point and the least squares line is less than predetermined 


ILS) 


NLINE XMIN XMAX YMIN YMAX XIN YIN 


1 FORMAT (I 10, 6 F 10.0) 


—> R= RIGHT JUSTIFIED e@ =FLOATING POINT REQUIRED 
NLINE = TOTAL NUMBER OF TRACKS 
XMIN = — minimum number of minutes from prime meridian - east or west 
XMAX = maximum number of minutes from prime meridian - east or west 
YMIN = minimum number of meridional parts from equator — north or south 
YMAX = = — maximum number of meridional parts from equator - north or south 
XIN = east-west dimension of plot in inches 
YIN = north-south dimension of plot in inches 
NOTE: 1. North and east are positive, south and west are negative. 


MSQLOC areas require 5° minutes of overlap on all sides. 
Meridional parts are found in reference: 

Naval Oceanographic Office, 1962 

H.O. Pub. 9- Table 5 


Wh 


FIGURE 9. SYNCHEX CONTROL CARD FOR TRACK PLOTTING OF MSQLOC 
AREA 
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pivot distance (usually set at 0.2 of a meridional part), the 
value associated with the data point is unchanged. If this 
distance is greater than the pivot distance, then the adjusted 
value associated with the mapped coordinates is computed. 


In the computer program for the cubic spline algorithm 
(SPLINE) contained in appendix B, the pivot distance is selectable 
via a control card. This pivot distance is usually equal to 
the maximum distance which one could move a data point without 
significantly changing its value. In order to minimize the error 
associated with the assumption that the gradient correction is 
independent of direction, continuous synthetic survey tracks 
which deviate appreciably from a stright line should be broken 
up into smaller segments with each segment treated as a separate 
track. The mapped coordinates and adjusted data values may 
be considered as irregularly spaced digital samples from a 
function whose independent variable is distance along the track 
from some arbitrary starting point, and whose dependent variable 
is the adjusted data values. 


Utilizing the mapped data, the cubic spline is determined 
for each track. The cubic spline may then be used to interpolate 
data values at the intersections of the straight least square 
track lines and a set of parallel lines whose spacing is equal 
to the desired final grid spacing (5 minutes). If the direction 
of the survey tracks is predominantely east-west then the direction 
of the set of parallel lines is north-south. Similarly, for 
north-south tracks, the lines are run east-west. 


The computer program (app. B), is designed to operate on 
tracks in any direction, except exactly north-south. The 
direction of the set of parallel grid lines is controlled by 
the direction of track line number one. Since the track number 
designation is arbitrary, this feature allows the user to 
determine the desired orientation (N-S or E-W) of the parallel 
grid lines in order to obtain as many intersections as possible. 


The interpolated data values generated as outlined in the 
preceding paragraph may be regarded as unequally spaced digital 
samples from a function whose independent variable is distance 
along each of the parallel lines. Application of the spline 
procedure in this cross track direction produces the final 
interpolated values at the desired grid points. If mean anomalies 
are desired, grid points are generated at one-half the final 
grid spacing and the resulting nine points are averaged to 
produce the mean value for each grid cell. 


The control card formats for SYNGRID are given in figure 10. 


The output from SYNGRID is a new punched card deck of gridded 
bathymetry with seven points per card. The printout from SYNGRID 


LY 


201 FORMAT (I 5) 


—PR =RIGHT JUSTIFIED 


ISETS = number of MSQLOC areas to be processed during a computer run 
MEAN 
ITOT 
ITYPE 
ALAT ALONG PLAT PLONG GRID ¥Y PIVOT MSQLOC 


ae Ee ee eee 


a ee 56 6l 


lO FORWAN(©G TF 1@sO7 Tiel Zo 2p F SeO, A 2) 


L@—=LEFT JUSTIFIED —DR=RIGHT JUSTIFIED @=FLOATING POINT REQUIRED 


ALAT = latitude of MSQLOC for lower lefthand corner in degrees 
ALONG = longitude of MSQLOC for lower lefthand comer in degrees 
PLAT = latitude of MSQLOC for upper righthand corner in degrees 
PLONG = longitude of MSQLOC for upper righthand corner in degrees 
GRID = grid spacing for output data in minutes 

MEAN = blank, no mean computed; =1, mean computed 

ITOT = total number of tracks of input data 

ITYPE = 1, grid is in Mercator projection; = -1, grid is in X and Y units 
PIVOT = maximum distance from track for pivot test 

MS QLOC = Marsden Square Locator area number 


FIGURE 10. SYNGRID CONTROL CARDS FOR GRIDDING TRACK DATA 
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will indicate if the MSQLOC area has been structured correctly. 
An even more efficient method of checking is to pass the gridded 
bathymetric data through the SYNCON2R program. 


The SYNCON2R program (fig. 7) plots contours of the gridded 
data on a Mercator projection at the same scale as the source 
manuscript. The source manuscript can be overlain by the 
gridded-data contour plot, for a comparison of content and 
form. This plotting check requires a 29-inch drum plotter or 
equivalent, while the SYNCON2R program itself requires a control 
card (fig. 11). In addition, the DATA statement variable (CL) 
requires a specification of the contour levels that will be 
plotted (see app. B). An optional DATA statement variable 
(LABELS) can be used if labels are desired (see app. B). If the 
SYNCON2R plot is satisfactory, the gridded bathymetry is loaded 
on the random-access storage device via the loading program 
(GHNBEOCK)) i fig 7). 


Before a block of gridded data can be loaded on the random- 
access storage device, the device must be primed With a traffic 
director program (SYNTABLE, fig. 7). SYNTABLE is a predetermined 
"look-up" table, which gives SYNBLOCK basic information that is 
needed to place a block of gridded data in its proper address on 
the device. Using the MSQLOC area number as the key, the table 
supplies the relative address, the actual block size to be 
transmitted, and a file key or name. The file key indicates by 
name in which file in the storage device a particular block of 
data is to be placed. An example of the "look-up" table printout 
is given in table 1. In the DATA statement N is equal to the 
number of MSQLOC areas now on the "look-up" table. The relative 
address is the physical location from the beginning of the file 
ef the first word of the data block. The actual block size is the 
quantity of storage required to contain the data plus the 
identification groups and is an even multiple of 32 (Aiken, et al. 
1970). The storage requirement for the actual block size is 
predetermined and is listed in table 2 by hemisphere latitude 
bands, which include the overlap. 


Using the "look-up" table from SYNTABLE on the random-access 
storage device, a block of gridded bathymetry can now be loaded 
by SYNBLOCK. The punched deck of gridded data is preceded by 
two header cards. The first card contains the number of sets to 
be loaded and the second card, one for each set, specifies the 
MSQLOC area number and the column and row information obtained 
from table 2 (see app. B for exact card formats). The DATA 
statement N is equal to the number of MSQLOC's presently on the 
"look-up" table. SYNBLOCK then looks up the file, the relative 
address, and the block-size information from the preloaded table 
for each MSQLOC area and places the data in its proper location. 
An identification group containing the following is placed at the 
end of the data block: 


Lg 


M NCL MM_ NN 


Poet. |. 


SS igarel 


1 FORMAT (5 I 4, 4 F 10.0) 


— > R = RIGHT JUSTIFIED © =FLOATING POINT REQUIRED 
N = number of columns of input data 
M = number of rows of input data 
NCL = number of contour levels 
MM = row's maximum array size 
NN = column's maximum array size 
XA = 1.0 = minimum number of rows 
YA = 1.0 = minimum number of columns 
XG = x axis width of plot in inches 
YG = y axis height of plot in inches 


FIGURE 11. SYNCON2R CONTROL CARD FOR CONTOUR PLOTTING 
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SYNBAPS DISK FILE LOCATOR TABLE 


MS QLOC RELATIVE SIZE OF FILE 
ADDRESS BLOCK KEY 
211 0 3936 EO8C 
212 3936 3936 EO8C 
213 7672 4000 EO8C 
214 11872 4000 EO8C 
57] 15872 4064 EO8C 
572 19936 4064 EO8C 
573 24000 4128 EO8C 
574 28128 4128 EO8C 
931 32768 4256 EO8C 
932 37024 4256 EO8C 
933 41280 4448 EO8C 
934 45728 4448 EO8C 
1291 50176 4704 EO8C 
1292 54880 4704 EO8C 
1293 59584 4928 EO8C 
1294 65536 4928 EO8C 
1651 70464 4928 EO8C 
1652 75776 5312 EO8C 
1653 81088 5824 EO8C 
1654 86912 5824 EO8C 
2011 98304 6464 EO8C 
2012 104768 6464 EO8C 
2013 112096 7328 EO8C 
2014 119424 7328 EO8C 


TABLE I. EXAMPLE OF "LOOK UP" TABLE FROM SYNTABLE 
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NUM = actual size of storage block 
ICOL = number of columns of array 
TROW = number of rows or array 


MSQLOC = Marsden Square Locator area number 


IDAY = day that data wee placed in storage 
MONTH = month that data were placed in storage 
IYEAR = year that data were placed in storage 


LOCATE = relative address 


This completes the structuring phase of SYNBAPS. The 
punched cards of gridded bathymetric data are loaded on magnetic 
tape with one MSQLOC area per file using a UTILITY program 
(Rozanski, et al. 1968). This magnetic tape is saved for backup 
to the random-access storage device. 


B. Accessing Programs 


The relationship between accessing programs is given in a flow 
diagram in figure 12. The two accessing programs are SYNBAPS1 and 
SVNPROME(apoeaG)) «  Thesrequestylanethe £orm of Controlcands;) as 
submitted to the SYNBAPS1 program (fig. 13). The formats for this 
request may be either all "BEARINGS" or all "POINTS" or can be 
a mixture of both, as long as the number of beams is correctly 
indicated for each set (the variable NOOFBM). 


With the exception of SYNGRID, only a brief explanation of 
the program's operation was given in the structuring phase 
discussion. Because SYNBAPS1 and SYNPLOT may be used by others, 
they will be described in more detail. 


Figure 14 contains a more detailed program flow diagram of 
SYNBAPS1. When a request is submitted to SYNBAPS1 the first 
operation is to call in the SBAARCH subroutine to generate the 
great-circle path to be followed by the profile. SEAARCH uses 
both the direction solution of the great circle, subroutine 
GCDIST, and the indirect solution GCPATH (Chang, 1969A and B) to 
create a latitude, longitude, forward bearing, and range for 
each nautical-mile point from the beginning to the end of a 
profile. In addition, subroutine MSQFQ is used to calculate the 
MSQLOC area for each of the points. SEAARCH then creates a range 
search tablenoreoniy sehose pointes thatesitart sa prorat ley Tenter 
or exit a MSQLOC area, or terminate a profile. This table is 
printed out and also placed in COMMON. 


23 


SYNBAPS | 


RANDOM 
ACCESS 
STORAGE 
DEVICE 


TO USER 


RAN GENE COMPUTER 
0 | MODELI 
SYNPLOT DEPTH Roce 


CARD DECK 


PLOT OF RANGE VS. DEPTH 


PRINT OUT 
OF RESULTS 
OF PROFILING 


FIGURE 12. SYNBAPS ACCESSING PROGRAMS FLOW DIAGRAM 


24 


NOOFBM NCARD 


1 FORMAT (15, A8) 
NOOFBM number of profiles of NCARD type to be processed 
NCARD "BEARINGS" OR "POINTS" 


L@-=LEFT JUSTIFIED —PR=RIGHT JUSTIFIED 


AMIN RCONG AE 
IOBM ALAT{ AN }ALMIN 


fs I bG Ei. T. T 


9 12 1618 2) 2527 


1 FORMAT (Aé, 2X, 2((F3.0, F3.0), 1X, Al, 1X), 2 F 10.0) 
FOR NCARD = "BEARING" 


L@-=LEFT JUSTIFIED —PR=RIGHT JUSTIFIED © =FLOATING POINT REQUIRED 


AMIN ALONG al ars uiling BE 
AN ALMIN| BLAT 


“I Sr | GS | SS | CCS | cc 


12 1618 2|i 252730 3436 39 4345 


2 FORMAT (Aé, 2X, 4(F3.0, F3.0, 1X, Al, 1X)) 


FOR NCARD = "POINTS" 


IDBM = unique profile |.D. (alphanumeric) 

ALAT = degree of latitude - start point 

AMIN = minute of latitude - start point 
hemisphere indicator, N or S 


> 
2 
wo 
Z 
iol 


degree of longitude - start point 
ALMIN = minute of longitude - start point 


AE, BE = hemisphere indicator, E or W 

BS = bearing from start point for "BEARING" card only 

DD = maximum range from start point for "BEARING" card only 
BLAT = degree of latitude - end point 

BMIN = minute of latitude - end point 

BLONG == degree of longitude - end point 

BLMIN = minute of longitude - end point 


FIGURE 13. SYNBAPS1 PROFILE REQUEST CONTROL CARD 
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Subroutine MINCON is called in to calculate the starting 
point for the profile within MSQLOC in minutes from the lower 
left corner. MINCON uses the function AMP to calculate the 
meridional parts for the latitude component. The mathematical 
foundation for AMP is given in Thomas (1964) and in U.S. Naval 
Oceanographic Office (1962). 


Subroutine RHUMB is called in to calculate, using AMP, the 
rhumb line bearing through the MSQLOC area. A rhumb line is 
used here because the subroutine BATHY can only interpolate 
along a straight line. The rhumb line approximates a chord of 
the great-circle pathamaMercator chart with the maximum deviation 
from the great circle at the approximate midpoint of that chord 
in the MSQLOC area. This deviation varies from zero to a 
maximum of about two nautical miles depending upon the great- 
circle path orientation. Maximum deviations occur in east-west 
paths in high latitudes, but are considered a necessary trade- 
off for the system's overall speed of operation. 


The random-access storage device is queried by the subroutine 
LOOKUP, which passes through the SYNTABLE to find the file key 
and the relative address of the MSQLOC area, then extracts the 
actual block size and the column and row information. These 
parameters are used by the subroutine BATHY to extract gridded 
bathymetric data for the MSQLOC area. 


From subroutine BATHY the subroutine GRIDBLK calls in the 
gridded data. Subroutine BATHY determines which quadrant the 
rhumb line will pass through so as to maximize the number of 
intersections for interpolation. This quadrant will determine 
whether or not the columns or the rows will be the independent 
variable for the cubic spline. The quadrant arrangement is 
shown in figure 15. 


T£ the rhumb line falls in quadrants 2 or 4, the direction 
of the first interpolation is along a column and the independent 
variable is the distance from the origin along the column to the 
intersection of the rhumb line. If the rhumb line falls in 
quadrants 1 or 3, the interpolation will be along a row and the 
independent variable then is the distance from the origin along 
the row to the intersection with the rhumb line. At the inter- 
section a value is interpolated by the cubic spline using the 
gridded data values along that column (or row) as the dependent 
variable. 


When all the values have been interpolated at each inter- 
section, the values now become the dependent variable while the 
distance along the rhumb line from the start of the profile 
becomes the independent variable. The cubic spline is used once 
more to interpolate the final profile values at distances 


Ad) 


R___MSQLOC ORIGIN 


FIGURE 15. QUADRANTS FOR SUBROUTINE BATHY 
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corresponding to every meridional part along the rhumb line to 
the end of the MSQLOC area. An example of this rotation is 
given in figure 16. When a profile for a MSQLOC has been 
generated, BATHY calls the PUNOUT subroutine to put the MSQLOC 
profile data on a temporary magnetic tape. MERFIX and AMP are 
used by PUNOUT to calculate the rhumb line distance in meridional 
parts and set up a scaling factor. The parameters are used by 
PUNOUT to adjust the profile generated by BATHY, which is in 
meridional parts versus depth, to a profile which shows nautical 
miles versus depth by linear interpolation. Only when these 
operations are complete is the MSQLOC profile data written on 
the temporary magnetic tape and the next MSQLOC area or the next 
profile processed. 


Each segment of a profile represents a single MSQLOC area. 
When the individual segments are written on the temporary magnetic 
tape the depth is in the same units as in the gridded data base 
and the range is in mautical miles from starting point within 
the MSQLOC area, which in each case is zero. At the end of the 
SYNBAPS1 program the temporary magnetic tape is rewound. The 
program SYNPLOT then reads this tape either on the same or a 
subsequent run. As each MSQLOC profile segment is read into 
SYNPLOT it is linked in sequence to the other MSQLOC areas to 
produce a great-circle profile. If geometric conversion to other 
depth units is required, it is performed at this point. 


When the great-circle profile is complete, it is punched 
out on cards and the profile is plotted. This process is 
repeated for as many profiles as desired. Although the format 
for the punched profile cards is fixed at eight depth-versus- 
range points per card, the profile-plotting format is very 
flexible. This flexibility is attained through a control card 
for SYNPLOT, the format for which is given in figure 17. Generally, 
whenever SYNBAPS1 cannot find a MSQLOC block of gridded data on 
the random-access storage device or the plotting dimensions are 
not set for minimal limits (fig. 17), the processing will halt 
at that point and skip to the next profile, allowing the job run 
to continue while an error message is printed out. 


The profiles generated by SYNBAPS are intended as input to 
long-range, acoustic propagation models. Although not necessarily 
accurate to geophysical or geodetic standards, the sythetic 
profiles are interpolated to the accuracy required by the models. 
A depth value is interpolated at each nautical-mile point from 
the starting point to the terminus of the profile along a 
great-circle path. Latitude and longitude values are rounded 
to the nearest minute, and the range is rounded to the nearest 
nautical mile. 
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FINAL PROFILE VALUES FROM 
2ND. PASS OF CUBIC SPLINE 
AT 1 MERIDIONAL PART INTERVALS 


INDEP. VAR. 2ND. PASS 
OF CUBIC SPLINE 


DEP. VAR. IST. PASS 
OF CUBIC SPLINE 


INTER. VALUES | ST. PASS 
OF CUBIC SPLINE 
DEP. VAR. ON 2ND. PASS 


INDEP. VAR. IST. PASS 
OF CUBIC SPLINE 


R— ORIGIN 


FIGURE 16. PROFILE EXTRACTION FROM GRIDDED DATA BASE 
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R D | UNIT YLTH CONVERT 


100 FORMAT (2 F 10.0, A 7, 3 X, 2 F 10.0) 


L@—=LEFT JUSTIFIED © =FLOATING POINT REQUIRED 


R = x axis scaling factor, nautical miles per inch 

D = y axis scaling factor, meters or fathoms per inch 

IUNITS = label for y axis (x axis is always in nautical miles) 

YLTH = the total height of the y axis plot that will be displayed, the 


maximum is 10 inches. This usually set as a multiple of D. 
Example: when plotting at 500 fathoms/ inch, to be able to 
display a profile that goes down to a depth of 4500 fathoms, 
YLTH would equal 9 inches. If not correctly set or if plot 
exceeds 13 feet on the x axis, that profile is omitted from 
plotting. However, the cards are still punched. 

CONVERT = the data base is uncorrected for speed of sound in sea water. 
For fathoms the assumed standard is 800 fathoms per second, for 
meters it is 1500 meters per second. To convert from fathoms 
to meters CONVERT = 1.8750, from meters to fathoms CONVERT = 
0.533---3. If no conversion needed CONVERT = blank or 0.0. 


FIGURE 17. SYNPLOT CONTROL CARD 


Sal 


The great-circle subroutines are based upon a sphere 
21,600 nm in diameter and can have a maximum error of 20 nm 
over a distance of 1 hemisphere (about 11,000 nm). This 
amounts to an error of about 2nm/1,000nm of range. For 
pLEOLileswor 1,000) mm or Nessiehws errowsas anistignestcanitaeinnd 
propagation model applications, but it could be important at 
very long ranges. The magnitude of this error depends upon 
the difference in shape between the sphere and the oblate 
spheroid and on the method of path generation. Greater accuracy 
can be obtained by usinga geodesic where the error is 1m in 
latitude, longitude, and range and 0.035 sec. in bearing within 
a hemisphere (Thomas, 1965 and 1970). 


Within each MSQLOC area there is a difference between the 
path followed by the great circle and the actual path along which 
the depths values are interpolated (fig. 18). Because SYNBAPS1 
requires a straight line along which to interpolate depth values, 
a rhumb line between the first position entering a 5-degree square 
and the last position before leaving the square is used instead 
of the curved great-circle path. For all great circles that 
follow a meridian or the equator this difference is zero. For 
all other directions, the maximum difference is located at the 
approximate mid-point along a rhumb line within 5-degree square. 
Under the most unfavorable condition of high latitude and an 
east-west orientation, this difference rarely exceeds 2 nm. 


Preliminary estimates of the accuracy of the interpolated 
depth values in the profile plane are+ 15 fm. This assumes that 
there are no positional errors in the great-circle path in the 
horizontal plane. A completed data bank, including regions of 
smooth to rough topography, will be needed before full error 
analysis can be undertaken. 


€: Status Program 


Program SYNSTAT queries the random-access storage device 
through the SYNTABLE for a listing of the identification group 
from each MSQLOC gridded data block. This listing includes the 
file key as in the following example: 


ACTUAL DATE ADDED TO 
FILE RELATIVE BLOCK NO. OF NO. OF RANDOM-ACCESS 

MSQLOC KEY ADDRESS’ SIZE COLUMNS ROWS DEVICE 
Lo LZQL IDOE 50176 4704 63 74 18 April 1972 
De M292 IHOKe 54880 4704 63 74 19 April 1972 


All MSQLOC gridded data blocks or selected ones can be listed. 
They are selectable through SYNSTAT control cards as shown in 
figure 19. 
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MAXIMUM ERROR AT 
MIOPOINT ABOUT 2N.M. 


| oe 


LATITUDE 


5° 
SQUARE 


LONGITUDE 


FIGURE 18. DIFFERENCE BETWEEN RHUMB LINE AND GREAT 
CIRCLE PATH WITHIN A FIVE-DEGREE SQUARE 
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10 FORMAT (A7, | 7) 
L€- = LEFT JUSTIFIED —>R=RIGHT JUSTIFIED 


"ALL", the contents of the complete random access storage device 


ITYPE = 
will be listed. 
"PARTIAL", only those MSQLOC's listed on the following control cards 
will be listed out. 
NUM = if blank, all the MSQLOC's listed; if present only that number of MSQLOC's 


on the following control cards will be listed. 


IA(I6) 


6l 66 


16 2l 26 SO 364 | 46 5il 56 


20 FORMAT (16 | 5) 
ALL RIGHT JUSTIFIED —P R=RIGHT JUSTIFIED 


IA = array of MSQLOC numbers. 


FIGURE 19. SYNSTAT CONTROL CARDS 
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D. CDC 3800 System Subroutines and Functions 


The subroutines used to open the file, position, read, and 
write on the CDC 813 permanent disk are on-line COMPASS language 
routines provided by the Naval Research Laboratory, Research 
Computation Center Staff (Aiken, et al., 1970). These subroutines 
are DKOPEN, DKLOCATE, DKREAD, and DKWRITE. The subroutine DATA 
is an off-line COMPASS language routine that retrieves the integer 
day, month, and year from the computer's internal clock (Houston, 
1969). The function TIMELEFT is an on-line COMPASS language 
routine that retrieves time marks from the computer's internal 
clock. It is used to time various phases of the structuring and 
accessing programs operation (Shannon, 1968). 


The on-line plotting subroutines PLOTS, PLOT, LINE, SYMBOL, 
and AXIS are FORTRAN language routines. With the possible 
exception of LINE and AXIS these routines are part of the standard 
Calcomp plotter package (Gossett, et al., pending). 


Most of the previously mentioned subroutines and functions 
are unique to the NRL CDC 3800 computer system. However, these 
routines have counterparts on any large computer system, and 
their replacement should pose little or no problem. 


PROFILE OUTPUT 


Two adjoining MSQLOC areas, 1291 and 1292, in the western 
North Pacific Ocean were selected to test the computer program 
and were digitized, structured, and placed on the random-access 
storage device. The location of five test profiles along rhumb 
lines, subsequently shown in figures 21, 22, and 23, are indexed 
in figure 20. The contour chart used as an index chart shows 
only part of the contour data that will input to the data base; 
therefore, the test profiles show a slight difference in detail. 
Figure 21, a profile through both MSQLOC areas, shows that the 
link point between two data blocks is undetectable. This 530-nm 
profile was generated in 7 seconds. 


In figure 22, composed of three profiles A, B, and C, a 
dashed line is superimposed on each profile. The dashed lines 
are profiles hand drawn by a bathymetrist, and the solid lines 
are the computer profiles. All the profiles used the same data 
base. Although the general shapes for both types of profiles are 
the same, the cubic spline profiles show details between the 
contour levels that would otherwise be lost if not captured by the 
surface of gridded bathymetric data. This isespecially true in 
the more steeply sloping areas because the cubic spline considers 
data adjoining the profile path. The three profiles in figure 22 
show the system's ability to start a profile inside a MSQLOC area. 
Figures 22A and 22C show profiles that terminate in gently sloping 
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areas, and figure 22B shows a profile terminating on the upslope 
side of a seamount in the next area to the north. Figures 22B 
and 22C show that the cubic spline can follow both convex and 
concave submarine topography equally well. 


Figure 23 shows two mirror-image profiles, which illustrate 
the profile repeatability along the same path in either direction. 
Profile A was run from west to east, then profile B was run from 
east to west, both along the same path. 


FURTHER MODIFICATIONS, ADDITIONS AND OTHER APPLICATIONS 


The first modification to SYNBAPS will replace the great- 
circle subroutines, GCPATH and GCDIST, in the accessing phase 
with geodesic subroutines, GEODIST and GEOPATH. The argument 
list for the new routines will be the same as for the great 
circle routines. The second modification will replace the contour 
checking program, SYNCON2R, in the structuring phase with a 
smoother contour plotting program. A third modification will 
attempt to increase the overall efficiency (speed of operation) 
by simplifying the programs. One example is to use buffering 
statements when writing and reading on the temporary magnetic 
tape. 


An additional program to operate on the SYNBAPS output will 
be an updated automatic depth correction routine based on 
Matthews' sound velocity correction tables. This will permit 
the use of depth values either corrected or uncorrected for 
speed of sound in sea water. 


An additional version of SYNBAPS1, the accessing program, 
called SYNBAPS2 is being considered. This program will generate 
eight radial profiles simultaneously from one point to the edge 
of a MSQLOC area or an irregular chart area. This output could 
be useful for profile evaluation of site locations where greater 
detail is required. In addition, SYNBAPS1 can be merged with the 
NODC Ocean Station Data file to produce a composite plot of the 
bottom profile and selected sound velocity profiles along a 
great-circle path. Extending this concept one more step will 
produce profile plots of various acoustic environmental parameters, 
such as depth to the axis or bottom of the deep sound channel, by 
marrying SYNBAPS to an appropriate oceanographic data file or 
files. The number of possible combinations of oceanographic data 
with the depth data using SYNBAPS is almost infinite. 


A system similar to SYNBAPS, but using land topography, 


could be applied in radar terrain studies and weather pattern 
models requiring elevation data. 
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SUMMARY AND CONCLUSIONS 


The SYNBAPS data base was designed to meet the specific 
and immediate need for bathymetric profiles for acoustic 
modeling. However, properly used, it offers many applications 
beyond its preliminary designs. 


Often in naval planning as well as in naval operations, 
speed is as important as accuracy when information is needed. 
SYNBAPS is not ideally suited to hydrographic charting because 
some high-frequency information is lost, but it provides very 
rapid responses. SYNBAPS has these additional features: 


e Only data points are stored in the data bank, 


e The locations of data points are logically structured 
on a Mercator projection by 5-minute intersections, 


e Random access to the data is by large blocks (5- 
degree square), 


e The data bank is updated by replacing blocks of data, 


e The size of the data bank is fixed once it has been 
created for any ocean area, 


e Classified survey data, in chart form, can be incor- 
porated in the data base with no compromise of 
security, 


@e Highly compacted forms of the accessing program and 
the data bank can be used on shipboard. 
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GLOSSARY OF SELECTED TERMS 


Accuracy 


Address 


Algorithm 


Alphanumeric 


Argument list 


Band (Latitudinal band) 


Bathymetric 


Bathymetric chart 


The degree of freedom from error, that 
is, the degree of conformity to truth 
or to a rule. Accuracy is contrasted 
with precision, e.g., four-place 
numerals are less precise than 
six-place numerals; nevertheless a 
properly computed four-place numeral 
might be more accurate than an 
improperly computed six-place numeral. 


(1) An identification, as represented 
by a name, label, or number, for a 
register, location in storage, or any 
other data source or destination such 
as the location of a station ina 
communication network. (2) Loosely, 
any part of an instruction that 
specifies the location of an operand 
for the instruction. 


A finite set of rules that gives a 
sequence of operations for solving a 
specific type of problem. It should 
have the following features, 

(1) Finiteness, (2) Definiteness, 

(3) Input, (4) Output, and 

(5) Effectiveness. 


Pertaining to a character set that 
contains both letters and numerals, 
and usually other characters. 
Synonymous with Alphameric. 


List of the formal parameters of a 
subprogram used as an explicit 
transfer of information to or froma 
subprogram. 


Any latitudinal strip, designated by 
accepted units of linear or angular 
measurement, which circumscribes 

the earth. 


Relating to the measurement of 
ocean depths. 


A topographic map of the floor of 
the ocean. 
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Bathymetry 


Bearing 


Binary 


Binary Coded Decimal 
(BCD) 


Block 


Block diagram 


The science of determining and 
interpreting ocean depths and 
topography. 


1. (general) The horizontal angle at 
a given point measured clockwise 

from a specific reference datum to a 
second point. Also called bearing 
angle. 

2. (navigational) The horizontal 
direction of one terrestrial point 
from another, expressed as the 
angular distance from a reference 
direction. It is usually measured 
from 000° at the reference direction 
clockwise through 360°. The terms, 
bearing and azimuth are sometimes used 
interchangeably, but in navigation 
the former customarily applies to 
terrestrial objects and the latter to 
the direction of a point on the 
celestial sphere from a point on the 
earth. 


(1) Pertaining to a characteristic or 
property involving a selection, 
choice, or condition in which there 
are two possibilities. (2) per- 
taining to the numeration system with 
a radix of two. 


Pertaining to a decimal notation in 
which the individual decimal digits 
are each represented by a group of 
binary digits, e.g., in the 8-4-2-1 
binary coded decimal notation, the 
number 23 is represented as 0010 OO11, 
whereas in binary notation, 23 is 
represented as 10111. 


A set of things, such as words, 
characters, or digits, handled as 
al DiNsLic. 


A diagram of a system, instrument, 
computer, or program in which selected 
portions are represented by annotated 
boxes and interconnecting lines. 
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Cartesian coordinates 


COMMON 


COMPASS 


DATA 


Data 


Deck 


Dependent variable 


Digitize 


Values representing the location of a 
point in a plane in relation to two 
intersecting straight lines, called 
axes. The point is located by 
measuring its distance from each axis 
along a parallel to the other axis. 

If the axes are perpendicular to each 
other, the coordinates are rectangular; 
if not perpendicular, they are oblique 
coordinates. This system is extended 
to represent the location of points in 
three-dimensional space by referencing 
to three mutually perpendicular 
coordinate axes which intersect at a 
common point of origin. 


Is a specification statement, used 
during compilation rather than 
execution as a convenient method for 
pasSing values between main program 
and subprograms without mentioning 
them as arguments. 


Control Data Corporation assembly 
language for CDC 3000- and 6000- 
series computers. 


Is a specification statement, used 
during compilation rather than 
execution as a convenient method for 
entering data value into referenced 
storage areas. 


Any representations such as characters 
or analog quantities to which meaning 
might be assigned. 


A collection of punched cards. 


A fixed variable given as a function 
of another variable, i.e., if y is 
CalySiny AS) ZL se UliNeLOM Ole 5 eli@in, i as 
the dependent variable. 


(1) The conversion of graphical analog 
information or characters into digital 
form, usually for the purpose of rapid 
Manipulation or storage by a digital 
computer (2) to express data ina 
Claigavicall iE@iai. 
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Field 


File 


Fixed point 


Floating point 


Flowchart 


Geodesic 


In a record, a specified area used 
for a particular category of data, 
e.g., a group of card columns used to 
represent a wage rate or a set of bit 
locations in a computer word used to 
express the address of the operand. 


A collection of related records 
treated as a unit. Thus in inventory 
control, one line of an invoice forms 
an item, a complete invoice forms a 
record, and the complete set of such 
records forms a file. 


Pertaining to a numeration system in 
which the position of the point is 
fixed with) sespeceytouone send gommenic 
numerals, according to some convention. 


Pertaining to a numeration system in 
which the position of the point does 
not remain fixed with respect to one 
end of the numerals. 


A graphical representation for the 
definition, analysis, or solution of a 
problem, in which symbols are used to 
represent operations, data, flow and 
equipment. 


A line of shortest distance between 
any two points on any mathematically 
defined surface. A geodesic line is a 
line of double curvature, and usually 
lies between the two normal section 
lines which the two points determine. 
If the two terminal points are in 
nearly the same latitude, the geodesic 
line may cross one of the normal 
section lines. It should be noted 
that, except along the equator and 
along the meridians, the geodesic line 
is not a plane curve and cannot be 
Sighted over directly. However, for 
conventional triangulation the lengths 
and directions of geodesic lines 
differ inappreciably from corre- 
sponding pairs of normal section 
lines. Also called geodesic line; 
geodetic line. 
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Great circle 


Header card 


Independent variable 


Input 


Interpolation 


Lock-up table 


MARSDEN chart 


A circle on the surface of the earth, 
the plane of which passes through the 
center of the earth. 


The first card or cards of a deck of 
punched cards containing identifi- 
cation of fixed information about the 
punched cards of variable data that 
follow. 


A variable whose assigned value(s) are 
arbitrary when defined as a function 
of another variable, i.e., if y is 
given as a function of x, then, x is 
the independent variable. 


(1) The data to be processed. (2) The 
stage or sequence of states occurring 
on a specified input channel. (3) The 
device or collective set of devices 
used for bringing data into another 
device. (4) A channel for impressing 
a state on a device or logic element. 
(5) The process of transferring data 
from an external storage to an 
internal storage. 


To determine intermediate values 
between given fixed values. As 

applied to logical contouring to 
interpolate is to ratio vertical 
distances between given spot elevations. 


An index file or array(s) which is 
usually used to access a main record 
file. It contains the identifier (or 
file key) and the storage address in 
sequential or non-sequential order. 
It may also contain critical infor- 
mation. 


A system introduced by Marsden early 
in the nineteenth century for showing 
the distribution of meteorological 
data on a chart; especially over the 
oceans. A Mercator map projection is 
used; the world between 90°N and 80°S 
being divided into Marsden "squares" 
each of 10° latitude by 10° longitude. 
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MARSDEN chart (Con.) 


Mercator projection 


Merge 


Meridional part 


Offline 


Online 


These squares are systematically 
numbered to indicate position. Each 
square may be divided into quarter 
squares, or into 100 1° subsquares 
numbered from 00 to 99 to give the 
position to the nearest degree. 


A conformal map projection of the 
cylindrical type. The equator is 
represented by a straight line true to 
scale; the geographic meridians are 
represented by parallel straight 
lines perpendicular to the line 
representing the equator; they are 
spaced according to their distance 
apart at the equator. The geographic 
parallels are represented by a second 
system of straight lines perpendicular 
to the family of lines representing 
the meridians and therefore parallel 
with the equator. Conformability is 
achieved by mathematical analysis, 
the spacing of the parallels being 
increased with increasing distance 
from the equator to conform with the 
expanding scale along the parallels 
resulting from the meridians being 
represented by parallel lines. Also 
called equatorial cylindrical 
orthomorphic map projection. 


To combine two or more sets of items 
into one, usually in a specified 
sequence. 


The length of the arc of a meridian 
between the equator and a given 
parallel on a Mercator chart, ex- 
pressed in units of one minute of 
longitude at the equator. 


Pertaining to equipment of devices not 
under direct control of the central 
processing unit. 


Pertaining to equipment or devices 


under direct control of the central 
processing unit. 
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Output 


Precision 


Profile 


Program element 


Punched cards 


Radix 


Random access 


(1) Data that has been processed. 

(2) The state or sequence of states 
occurring on a specified output 
channel. (3) The device or collective 
set of devices used for taking data 
out of a device. (4) A channel for 
expressing a state of a device or 
logic element. (5) The process of 
transferring data from an internal 
storage to an external storage. 


The degree of discrimination with 
which a quantity is stated, e.g., a 
three-digit numeral discriminates 
among 1,000 possibilities. 


A vertical section of the surface of 
the ground, or of underlying strata, 
or both, along any fixed line. 


The smallest field (group) of unique 
contiguous characters or digits. 


(1) A card punched with a pattern of 
holes to represent data. (2) A card 
as in (1) before being punched. 


A quantity whose successive 
integral powers are the implicit 
multipliers of the sequence of digits 
that represent a number. For example 
if the radix is 5, then 143.2 means 
1 times 5 to the second power, plus 
4 times 5 to the first power, plus 3 
times 5 to the zero power, plus 2 
times 5 to the minus one power. 


(1) Pertaining to the process of 
obtaining data from, or placing data 
into, storage where the time required 
for such access is independent of the 
location of the data most recently 
obtained or placed in storage. (2) 
Pertaining to a storage device in 
which the access time is effectively 
independent of the location of the 
data. 


Sl 


Real Time 


Relative address 


Rhumb line 


Round off 


Routine 


Selection overlay 


Storage 


(1) Pertaining to the actual time 
during which a physical process 
transpires. (2) Pertaining to the 


* performance of a computation during 


the actual time that the related 
physical process transpires in order 
that results of the computation can be 
used in guiding the physical process. 


Identifies a word in a subroutine or 
array with respect to its position. 
Relative addresses are translated 
into absolute addresses by the 
addition of some specific reference 
address, usually that at which the 
first word of the routine or array 
is stored. 


A line of the surface of the earth 
making the same angle with all 
meridians; a loxodrome or loxodromic 
curve spiraling toward the poles ina 
constant true direction. Parallels 
and meridians, which also maintain 
constant true directions, may be 
considered special cases of the rhumb 
line. A rhumb line is a straight line 
on a Mercator projection. Also called 
equiangular spiral; loxodrome, loxo- 
dromic curve; Mercator track. 


To delete the least significant digit 
or digits of a numeral and to adjust 

the part retained in accordance with 

some rule. 


A set of instructions arranged in 
proper sequence to cause a computer to 
perform a desired task. 


A tracing of selected map source 
detail compiled on transparent 
Material; usually described by the 
name of the features or details 
depicted, such as contour overlay, 
vegetation overlay. Also called lift; 
pull up; trace. 


(1) Pertaining to a device into which 
data can be entered, in which it can 
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Storage (Con.) 


Synthetic 


be held, and from which it can be 
retrieved at a later time. (2) 

Loosely, any device that can store 
data. (3) Synonymous with Memory. 


Produced artifically; devised, 
arranged, or fabricated for special 
Situations to imitate or replace 
usual realities. 
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LIST OF ACRONYMS USED IN COMPUTER PROGRAMS 


AXIS- 


BATHY- 


BURNS- 


CALMA 485- 


CDC- 


DATE- 


DAWHAT— 


DKLOCATE- 


DKOPEN- 


DKREAD- 


DKWRITE- 


GCDIST- 


Function used in MINCON, MERFIX and 
RHUMB to calculate meridional parts 
for the latitude component. 


Calcomp plotter subroutine to 
automatically scale and draw axes. 


Subroutine which determines which 
quadrant the rhumb line will pass 
through, extracts the gridded data 
and calculates the profile for each 
MSQLOC area. 


See SYNCON2R 


(1) A large bed, graphical analog 
digitizer manufactured by the CALMA 
Corporation. 

(2) A processor program for (1) that 
initially scales the synthetic track 
from charts. 


Control Data Corporation 
COMPASS off-line subroutine which 
automatically calculates an integer 


day, month, year from the computer's 
interval clock. 


See SYNCHEX 


Subroutine which positions read/write 
head at specified relative address. 


Subroutine which opens disk file. 
Subroutine which reads blocks of data 
from the disk file in groups of 32 
words or larger. 

Subroutine which writes blocks of 
data on to disk file in groups of 32 


words or larger. 


Subroutine used by SEAARCH for direct 
solution of the great circle. 
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GCPATH- 


GEODIST- 


GEOPATH- 


GRIDBLK- 


LOOKUP- 


LINE- 


MERFIX- 


MINCON- 


MSOFQ- 


MSQLOC- 


PLOT- 


PLOTS-— 


PUNOUT-— 


Subroutine used by SEAARCH for indirect 
solution of the great circle. 


Subroutine for the direct solution of 
the geodesic. 


Subroutine for the indirect solution 
of the geodesic. 


Subroutine which calls in the gridded 
data from the random access storage 
device for BATHY. 


Subroutine which "looks up" or extracts 
the relative address, block size and 
the column and row information for each 
MSQLOC area from the random access 
storage device previous to passing this 
information to BATHY. 


Calcomp plotter subroutine to automati- 
cally draw a line as a function of 
x and y. 


Subroutine which calculates the rhumb 
line distance and sets up a scaling 
factor for nautical miles along a 
profile. 


Subroutine used to calculate the start 
point for a profile within a MSQLOC 
area. 


Subroutine used to calculate in part 
the MSQLOC area numbers for points on 
the profile path. 


Marsden Square Locator Number (Marsden 
square system is a numbered, 10 degree 
rectangular grid of the world which is 
subdivided further into 5 and 1 degree 
squares). 


Calcomp plotter subroutine which moves 
pen in x and y direction. 


Calcomp plotter subroutine which 
initiates plotter action. 


Subroutine which places each MSQLOC 
area profile on magnetic tape. 
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RHUMB- Subroutine using AMP to compute the 
rhumb line (approximation of a chord 
of a great circle on a Mercator pro- 
jection) bearing through an MSQLOC 


area. 

SEAARCH- Subroutine used to generate a great- 
circle path. 

SPLICON- Subroutine used by SPLINE for cubic 
spline calculations. 

SPLINE- Subroutine for the cubic spline 
algorithm. 

SPLINT- See SYNGRID 

SYMBOL- Calcomp plotter subroutine which plots 
alphanumeric characters and symbols. 

SYNBAPS- Synthetic Bathymetric Profiling System. 

SYNBAPS1- Accessing program which produces a 


depth range profile on magnetic tape 
for each MSQLOC area. 


SYNBLOCK- Program which loads gridded bathymetric 
data into the random access storage 
device. 

SYNCARD- Program which checks longitude of data 


points and depth values. 


SYNCHEX- Program which track plots data points 
on a Mercator projection at the scale 
of the source manuscript. 


SYNCON2R- Program which plots contours of the 
gridded data on a Mercator projection 
at the scale of the source manuscript. 


SYNGRID- Program which transforms synthetic 
track line data into gridded bathy- 
metric data at seven points per card. 
This is the primary structuring 
program. 


SYNPLOT- Accessing program which links together 
the profiles on magnetic tape produced 
by SYNBAPS1 for each MSQLOC area to plot 
a great circle profile. This program is 
usually run linked to SYNBAPS1. 


Sy/ 


SYNSTAT- 


SYNTABLE- 


SYNTRACK- 


TIMELEFT- 


UTILITY- 


Status program which queries random 
access storage device for listing of 
file key, relative address, block 
size, number of rows and columns and 
date that data were added to storage 
and/or actual gridded data. 


Traffic director program which supplies 
relative address, block size and file 
key to SYNBLOCK for the accurate place- 
ment of blocks of gridded bathymetric 
data on the random access storage device. 


Program which outputs header, track, 
data and blank cards and conducts 
error checks. Input is a scaled data 
tape from the CALMA 485 processor 
program. 


COMPASS on-line function which extends 
time mark from computer's interval 
Glock 


Systems program which loads gridded 


bathymetric data cards on mangetic 
tape. 
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APPENDIX A 


Preparation of Charts for Digitization 


The 5-degree square unit, around which the data base is 
created, has been explained in the "Outline of the System" and 
in figure 3, 4, 5, and 6. Paper copies of the contour charts, 
which are on a Mercator projection, are used to prepare the 
basic manuscripts for digitizing. Sufficient overlap around 
each 5-degree square is required to provide 5 minutes on all 
sides for the MSQLOC area and an additional 5 minutes on all 
sides for interpolation of the track input data (fig. 6): The 
manuscript size is then at least 320 minutes bv 320 minutes 


regardless of the chart scale. Ideally, the manuscript should 
consist of one easy-to~-handle document. However, because chart 
formats vary, this is not always possible. A case in point is 


the addition of large scale survey of a newly discovered seamount 
to a regional chart. 


One method of handling this is to digitize the two charts 
separately, then, substitute the synthetic tracks from the new 
seamount chart for those in the corresponding section of the 
older regional chart. A second method is to prepare a contour 
selection overlay for the seamount chart, photographically reduce 
it to the scale of the regional chart, make a print at that scale, 
attach the print to the regional chart and match the contours. 
This method also can be used with transparent media. 


The smallest cell selected for SYNBAPS is a 5-minute (meridional 
part) square with a depth value at the four corner intersections. 
The synthetic tracks of input depth points are usually taken at a 
5-minute spacing on a Mercator projection. In high frequency data 
areas, additional tracks of data at 1-, 2-, 3-,or 4-minute spacing 
can be input so as to improve the four cell depth values. However, 
there is a limit to how much improvement can be made without 
losing some of the high-frequency detail. One improvement would 
use a smaller cell size, but this makes random access storage device 
data storage requirements very large. Thus, small features that 
fall within a 5-degree cell can be lost to the data base, 
especially if they arenot picked up at the input or structuring 
phase. 


It is necessary to interpolate the beginning and end points 
for each track in the overlap areas. This is not a requirement 
for short tracks within the body of the MSQLOC area. These 
points may be visually interpolated by the analyst or by an 
experienced digitizer operator. This interpolation need only 
be to the nearest 20 fathoms or about one-tenth the contour 
interval. 


The output from the SYNCON2R program is a contour plot of 
the MSQLOC area. Although this output is not a primary product 
of the system, it is used for checking and may be a useful 
byproduct as rough automated contours. Because of the 5-minute 
cell size and the nature of the interpolation scheme, large 
flat areas tend to break up on the contour plot. This break up 
of contours is not an error in the data and does not affect 
the profile generation. To improve the contour output aesthe- 
tically, the interpolation can be improved by adding contours 
in key locations. In areas of rough topography this improvement 
will not be necessary. The first example, around seamounts or 
a seamount group, is shown in figure A-l. Usually the added 
contour is placed outside the base contour to cutoff or terminate 
the interpolation adjoining a flat area or to define the sea- 
mount base. The second example is for domes, rises, ridges or 
tablemounts (fig. A-2). Here the added contours are on the top 
of the structure in order to cutoff or terminate the interpolation 
on their flat or gently rounded summits. The third example is 
‘for noses or spurs (fig. A-3). Although this feature is similar 
to those in figures A-1 and A-2, short disconnected contours may 
be needed if the spur slopes are gentle. In all these examples, 
the track direction was assumed to be left to right. 


The boundary condition is a special case of endpoint inter- 
polation. Whenever an island or continent is encountered, the 
zero contour or sea level is handled as shown in figure A-4. 

On the SYNCON2R program the zero-contour level should never be 
plotted, but the 1-fathom or 1l-meter contour should be inter- 
polated to show the coast line. In profiling, the punched card 
depth values after the first zero usually are discarded and the 
profile terminated at that range. 
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APPENDIX B 


FORTRAN Programs for 


Structuring SYNBAPS 


All programs and subroutines listed in this appendix are 
subject to change without notice. Modifications within the 
programs and adoption of the system for other computers will 
necessitate major changes. The author should be contacted for 
the most recent versions of these programs. 


0°66 =(¥)LvV1 
00S9*T=y% B86 OU 
YVi¥O ONISSIW HOS WISHD = SINIOd H1d3O0 UNV ONODVHLV4 pee 
[= 
(oV) LOWYHOS € 
JOIDSN *E HONMd 
(Gye7VeKX9) LyWYuOd 2 
IWVYN *9070SW ((T)SOSWwe2*9T) 3G003KG T 
T*l(ze*yO3SHIOI) dl 
(2) SOSW4 (T)SOSWENNEN(CE)Gvaye T0E 
NOILVWYOYNT Y3S0V3H NI UV3Yy 
(EL) Lvwuo0sd VUE 
TOE *000T (09% 403) a1 
WHllLS*00E GV3u 002g 
WI078 MSN JO LaVic dI lewis *iNIOd LHWLS MOVE, NI UV3y 
Ze UNIMSY 


Cc 


re) 


*UnnOm34 AOVINTV LON SI ge GNIM3|Y <9 


OnOV1V) Wa4y adAd 
Hid3O*mwulis HSDSLNI SdAL 
(2) s0Sw* (0059) Hi gaol ® (0059) SNOT! (00S9) 1¥7 NOISNSWIU 


GOVL30090° dOSN* ONVSDOAWN® SSNOHMIAMNVA 92M AG NALLIomM WVEd90Nd 
NOOOW 7 SNILNOYMENS Saatno3auy 


°vauV 


YOTSW HOVE NIHiIm NOTLVINST YO LHOTN OF £437 V NO G3SVE s3NI7 WOVyL ONT | 


*ONOT ONV 


LV) AMVNIO ONY (H1d30) G98 49 SCHOISH ONTLUNYSLIY dNeSsUuIYd WVYH90ud 
°QYVONAS OL LMdNI GHVD YOS VLVO 3NID WOVHL JIYLIWAHLVE JILZHLNAS 
JO S3dVi VIVO ABYNIG yazriI9I10 SB8% WWIVD SS390Ud OL WVED0Ud V 


4 4) Gh 6 HE Se Ob op M0 oy 4 4 HO On He 40 ab ot 
NVEYDONd SdVENAS V 


WIVHLNAS wVH90dd 


UVUCSCHOCUUCUVUOCOOCC CE 


B-2 


Tew] ot 
WaLiSsnovall gl 
61 O01 09 
TeWovail at 
BTeAT(T *o3® Hulls) 4l vt 
(J@3QNTLNOD TIIM NN WVEDOdd teeeH 90H OT 
OVOSW HOS 33945 HONS SYM VIVO WOVeL OTLSHINAS 4O INaGNI @ THT) ivwaod 9 
JONSNE9T INlud ST 
Glept(t "19° f)4I 6 
SNNILNOD 86 


terer 
. (/#3NNILNOD VIIM NO WVH90Ud e/7VE 
a= HiddUaxToslys Ke? 0*od2ee J0NLIONOTHXT O/T VO X28 0evdde=s 30NLIC 


ivi iv ANTOd SMODN04 LNIOd ONISSIWexOl//ole NOILV9O7 LY HOVEL woudl 
SNIssSIW 3y¥ SHid3Y YO/ONVY SNOTIISOd 3YOW HO SNO*e*euOUYs #)LVKYUOS TI 
(To) Hdd IG) SLSST SWNOTSENOTNSS LHONeWLV TS Sarde etl inlad 
(7¥e DOTOSW NI HONS #) LyWwdod Zot 
qi 20719SW *20T INlad 
(LSAT & LYONS WNO 14 ow 799NOTIE LV TIEN oe (Toy) ONO TE (Ted) LV) NOIO1V 1 tee 66 
86 OL UO 
Lydee(y) iv 
ONO Ves (4) 9NOT 
(X7* ov) LYWdUS 8 
(M)HLGSOI (HL g3d0*%8*sB) 3009050 gl 
66921966 (T=ONN*ON) ST EL 
et*s(ze*so3) a1 2 
LeL(ze*HIaHIOI) 4d 
HIdSOSONNS ON (CE) GVSy Ol 
66 OL 09 
Oww*On (2eyavad 2 
LL°OtS zd (otnne*n) sl 9 
6 OL 09 [== S 
9*S(ze*s03) dl » 
*%(2E*NISHIOI) Jl 
LVTeSONOTHENNOEN (ZE) OV 34 
6666H7=(¥) Hida! 
0°666 =()9NOT 


B-3 


SOOVD U3LD9HdOD LIWENS = SBNILNOW ONINOVYH! JO OND e+eeeete w)L0WYOS ECT 
£OT LNI¥d OOOT 
002 OL O09 
(THT) Lvwads COT 
TOt iINlad 
(9V¥# = 90 10SW sod esl 
Ve AG G3ZT1TYTIU Jesam SHLd30 ONY SNOILISOd ONIQSD3SYd JHL #//) 1LVWuUs OOT 
DONOSWS 3WYNSO00T INIad 
SANILNOOD L6 
: 16402 (t= *uaeh) dd 
WOVaL ASVT LNO HONNd Te» SiVHMosa F sl VY 
Tede1 C2 
246 OL O9 
(eXNYTEeXSE) L¥weod ve 
92 HONNG 
tele 
T¢1sw 
SNNILNOOD 96 
C(9V*yge (TVS XT 60% 42) 2) XCar eGI* Xl) LvWwHOsd EE 
(N) HLdGIOT ELS SI SWNO TSS NOTSS LYONS WLU TS LOTS SNSEE ANTUd 009 
(VV ®X96(THSXT SN y4d2) 2) LYWHOS EC 
(NJHLdSOL Si S31 PWNOTSSNOTS* LYON SWLY 1d ¢ LV Ide? HONIG 
(ASSIS L HON ®WNO 14° WL TSO NO TSO LV TSE (N)ONOTE (ND LVI) NOIOIVT W719 
l*wen 96 OG dd 
TewoVeLTenxovall 
(/9V% JOTOSHL 
dO sE€le yaBWwnN WOVeEL BOA FZYV SINTOd ONIMOTIOS SHLe* x OTSTHT) Lvwyus Se 
201MSwW *WOovaLl *Se LNTda 
WOwHLl*O0E HONNG Vz 
T2£02(°66 PAN (PILVT PONV (C(F)ONOT)INIVOE LT (CT eR) ONOD) ANIYV) ST 
LNVYOVND SONLIONOT 1S3m HOS (PIQNV (Tet) oI 1d 9 
y*tesf 26 OG 
SWIVEL AB LNgiNo GNV SWOVaL ONITONVHOD wos 1851 9 
((XOT Sout XesetOTse2*cTE*XT) Lywaus 0G 
(46 Tey ® (MH) HLGSOT® (MN) ONOTS (HM) LVTEN) 6000S INT ad 
NOTLINGOUd HOd BAOQwWSY AINO ONIIS3L 404 9 


weal*eot inlua TOT 
90T OL O9 
NHLSLOON 2OT 
OC OL OF 
SHTSLYON OOT 
ZOTSTOTc6OOT(AV INI4) 31 ET 
0° 0=WNO 14 
O®T*#+NOVSENO 14 el 
ETSST®EL (°09=WNO14S) SI Tl 
0°O2wlV¥ 14 
O° ttl V1deLv14 Ol 
TT¢OTelt (°09=wiv id) at 
(S°*(*068(NOT4=(NOINI 4) SSH0) )) LNIVEWNO 13 
(S°*(*00a(LV14= (LV INIS) dSAV)) DINIVENLV IS 
((NOINI4S) UNIV) S3SEV SNO 14 
(CLYINISG) LNT) 3Sav SslVi4a 
(L)NOINTS*® (CT) LVINISG NOISN3SWIG 


GOULSGOD*dOSNSONVSIOAUNE SSNOHMIAMNVA 92H AB N3LLIOM JN1LNOY 


SATLVO3IN Juv LS3m ONV ALNOS 
JAILISOd Juv LSV3 ONV HLYON 


NOTLVOT Ida HiIm SSTMVA J90SSIW HOUNS PUNdLNO HALNI¥d 40d SuSHAS 
e1Ww3H ONY S3INNIW'S3339H930 OF SNOT ONY 197 AWNHSLNI LYSANOI O14 SNILNod V 


$y Ge te ht Da Ge HT a aD ee HE a TE 
SNILNGYENS SdVENAS Y 


(LS3IT 
LYONS WNO TSS WLY TSS NONE LV TSS WEOT ENO INTIS LVINIG) NOIOIVT SNIANOYENS 


GN 
d01s 
(wetetoeeeUHVINAS OL [ 


B-5 


Gooevceoococ 


(77V# JOJOSW YOd JUV SHOVYL ONIMODVIOY JHLeVSe* IHL) ivwaos 02d 
JOIOSW 602 INlud 
Q=NN 
(MV) LY¥WHOd 2 
9070SW *2 dvgay OOT 
oOT*ONOT (09%4043) al 
(EI) Lywaogs ft 
INQOWYUL®T Gvau 002 
(00972913) ViVG 
OV44d Hel SINOWHY *HIid3Q H¥393LN1 3dAL 
(SZE)HLd30* (3ZE) WONOT® (SZE) WLV 16 (S2E)9NQ7* (SZE) L017 NOISN3SWIG 


S0UL39009* dOSN*SONVSIOAWNS ASNOHMIAMNVA °9C8M AG N3LLTUM WVa90ud 


= _ *XBHONAS OL AMLN3 3H04334 HOVYLNAS 
WONd LNdDINO SV 3UNLIONOT GNY H1d30 404 SHD30 GuvVd WOSHD OL G3SSN WvHedOad V 


tt Ob a ab a 4b Oo cp hae dh HE Ee HE A OD oF 
NVH90Gd SdVENAS Vv 


QHVOINAS wi y90Ud 


ONG 
NenLsy 
BHleLS31 LO0l 
Neni3y 
MH1L=SLS3I SOT 
LOT*TOT*SSOTI(NO INES) SI GOT 
Nunley 
3HT=L1S41 
90T OL 09 (6°O ®3N°NO INI 4S) JI 
NHL SLYON 
NI4NOD VIM N ec eale 
NI4 M NOX WVE90ds #/9le INIOd LV NVIGINSW 3Wlug yO yOLvnoa NI 
0 STW4 NOILISOd wU NOISHSANOD NOTLISOd NI HOuNa I187ss0d Banaon COT 


oOCcCcoVCcoo°o°e 


B-6 


Z6t OL OY 
(@A INO HLd3G NI YOnuSeKx2*or*sly*xatel® xt) Lywadd gl 
(PIHLISGS (FY WONOTNE (PIONOTS (CF) WLOTE (PLY IEF SZT LNIud GL 

26T O01 O9 
(#A INO SGNLIONOT NI dOnd3eKXS¢or*Sly*xaeEl*x lt) ivwaos Sl 
(P)HLdd0* (PF YWONOTS (FIONOTS (FYWLYTE (FLV TSF OST INTda vi 

46 ol 09 
(91*°SIlo*xasel*xt) Lvwuod el 
(P)HLdSU® (P)WONOTS (PIONOTE (FIWLVTE CPDL TSP OET INTud et 
W(BT*9Tewl eet) OL OD OE 

(7elal 
HSSWAN NOVY, HOd 3YV SHLd30 GNV SNOILISOd ONIMONIOS BHLe*xI) LVWYOS 82 

Wul*6e2 INIud 
Tene L2 
0€ 91 09 S$ E*H=y IT 
O0€ 01 09 S$ Zewsy OL 
OTST CC T®P)WONDT9O3S® (7) WONOTPGNYV® (Taf) SNOT9O39° (FP) 9NOT) SI 
Leyx=y 
O€ oL 09 &$ 2eyH=m 
OF 01 OF S$ THE 
B66 ((T#C)WONDT2O3S® (CF) WONOTPANW® (Te) SNOT9O3S® (CF) ONO1) ST 
L°91 
((90 742 (Tee) Hid ad) 937° (PF) HLdaOeHO® (DV44¢ (Taf) Hid3ad) °39°(f)Hig3ad) a1 S 

Geyz(t *vaer) dl 

O=> 

Il*ter 26 OG 
leJIslI 9% 
3NNILNOOD 86 

86%) (ANVIBHS *O3°9V 1451) 41 

T=I1 
(GUSXGSSlSxge (X26y12) 2) LUWYOd E 

OVAAT (CL) HLddG* (1) WONOT* (I) ONOTVE(CIOWLV TE (T)AVISE OV3e 

SZe€*t=I 86 OU 

Meg *L OQV3y 

LNOWuL*T=7 66 OU 


~ac & 


B-7 


(NIWX=@XVWX) /NIXS4 

(NIWA®XVWA) /NIASS 

(0°OT49SOTI) Luwaos 

NIASNIX®XUWASNTWAS XUWXONIWXSSNIINGE OVay 

(62%€*0002*V)IS1OId W1V9 

(0002) VA* (0002) ¥X® (0002) ws (0002) Z* (0002) A* (0002) X NOISN3WIU 


AT¥O BGOI*ALVOSONVSIOAVNSSIAVG °Wed AB N3LLTUM WVH90Nd 


SSHONI NI (HSLLO'd 394V9) LOTd 40 SNOISNSWIG Juv NIA ONV NIx 
SWOVHlL JO Y3EWNN Wi0L SI SNIIN 


YSZTLIOIO WOUs GANIVI8O SNOVYL JO SSLVYNIQYOOD A X LOTd OL WVHD0Ud 


A Cor 
NVUDOUd SdVENAS VY 


XSHONAS WVH90ud 


ONg 

dOls 

(ate+ee XSHONAS OL Sl 

Ps 4 eeeee ae ® THI) LYWUOS 

Guvd gsalo3yuud Liwens SNILNOYW ONIWISHD JO ON3 100t LN1Ud 
00¢ OL O8 


2 4 Tosh ONTOII9Yd 31 NI SHOuNa wole3yV 3N3HL o) LVWYOS 
wu09 = 20718 907sh ON ud SHL NI S : NN®000@ LNIud 


INNILNOO 

(7e04V) WNV1GexS) LVWeOS 

OO€ LNIdd 

3aNNTLnoo 

T@#NNSNN 

(eHidad ONY JONLIONOT HLOG NI YOunaexe*orsSlo*xasel ext) LVWH0d 
(Ry MLdIO® (PY WONOTE (PIONOTE (PIWLV TE (TIL TEP SET INtdd 


ooceo O00 CUO 


toot 
000T 


000¢ 


66 
Lt 


L6 
Lot 
oT 
Bl 


B-8 


(eLIX3S IWWHON #® OHT) LYWuud 

0Ol inlud 

69°69°09(9NI INe3NI V1) 31 
(ETHCO°OS GNI Pe0es (Ter) Ac (tef)x) YS8WNN 1V1V9 
Ov O1 OY 

(ES (PIAS(P)XILOTd VIVO 

(O°ESHy seQe(f)Z8HOe 6 (FIAS(T)X) YSEWNN T1V9 
(2260°06E 65096 (fF) A(T) KX) IOBWAS TIVO 

ov OL OY 

(ES (PYAS(C)X) LONG Viva 

(OPE SHo EOF (LT) ZSHO Se (PIAS (PIX) YSEWIN VIVO 
(T=60°06E*HO26(F)AS(F)Y) TOBWAS T1V9 

256 ys2n(teof) al 

vesee*Be((f)Z) al 

(2°0T4S) LYWYOS 

NIWA®NIWX®(P)ZE(RIAS(A)X 2S LNIda 
Sa(NIWA@ (PA) SIF)A 

da (NIWKX= (7) xX) SIF) X 


((CYAINISeZE6B92%* EZ] (dWAL)IOTIOWaSvOL°St6L = (F)A 
(82s (P)YAFAV)SOOs (9 2/ (NM) ASdVINIS = dW3l 

e6€Sed°U = dV 

(°09H(F) Xe (PIX) = (TX 

6B062000%# (909H(PIA(M) VA) & (TDA 


(0°846 (xX2°0°9460°94) 2) LYWHOSd 
(TV ZECRIVKECPIKECRYVAS (PIA (E809) GV3e 
teref 

(OlIzZ) Lywaodg 

Ce3NIV1¢2y INIdad 

ost 

(€1l) Lyweod 

SNIAVI (66°09) 0V3e 
(290°060°0) 101d 11V9 
(Z8NIA60°O) 101d WIV9 

(ZONIASHe (NIWX@X0WX)) LO1d W1V9 
(240°0%da (NIWKX=XUWX)) LOId T1V9 
(E@#NIDIYO49°0) 101d W1V9 

0°27 (NT A=0°62) SNISTYO 


BE 


éS 


ve 
OY 
49 


te 
09 


B-9 


SI6TYNVTIIWIVWESTSATIVNG WWOLYSWAN ONY SU0OHLIW 
HAILNGWOD AYOLSNGOMLNI “H*ad*NOLONINN3d SI SNITdS JIEGNI BOs ° 434 


LS31L LOAIAG YOS NOVaL 

WONS (SLINNM A=x)SINVISIO y¥w SLOATd “LV 3A ONY ONOT =x Hil 
SLINN Afy NI Syv Viv INGNI Jo SLIWIT ONV NIOTYO *0TY9 Te e3dAll 
NOTLISPONG YOLVINIW NI 38 VIIM GIYD T= adALl 

SI¢9NO7 ONY LV JO STVAUSLNI Twnd3S 38 VIM Gluo WNVT8= JeALI 4 
(06 LYWHO4) A®X WwII3U 

NI yO (02 4VWHOs)I3S *NIW ©9390 NI SI WLVO LMdnNI 30 SNOTELV 
S3NILNOYBNS ALYOS ONY NOQIIdS *3NI1dS 

S3YINOZY WVEOONM* VIN SSOMDV HYFOHO ANV NI SWOVYLYSBWNNE GYeVO 

AMIN SI GUVO°LST®MNVIG SI NOVEL HOVEZ NI GHvd 1SV1%i01I OL T WwOus 
HSEWAN NOVHLSWHLNSUTYO HOWVES 4O HFINSO LV G3SLNdWOO NV|WeTs4O31NdWOd 
AVY WONY NWSW ON@INVTGaNVSW SYSNHOD ONWH LHOTY YaddN 4O (SHINSL ONV 
S339H9390) SALVNIGHOOD BONO *LVIdSSSLNNIW NI WAYSLNT GLy9 G3yTS3U 
SQIUD*ySNYOD 1497 HSMOT LV L3SSSHINSL ONY S39u930 NI NIOIYO 40 
NOITLVOOISONOTVELYTY °33d4s YOUHS 38 OL ASwnSsV’ SI VIVO LndNle3LON 
1739 3HL 40 Y3SNYOD 

GNVH 1937 wdddN SHL SI 97399 OIYO HOVZ YOsS NV3W JO NOILISOd 
WAMSLNI OND HOVE NI °Sig 6 ONTIOWHSAV AG A3LNdWOI SSI TVWONY 
NV3W 9°69 SNAP TEPONS VEN SOISAHdOSD *VAANWHOVLIVHE® 33d °S3ANITdS 
I1and WNOISN3WIG 3NO SI GOHLaW ONIGOIYO *S3ITVWONY NV3W 3LNdWOd 
OL NOITLdO HLIM ViVO ASAUNS S3dAL NOVEL WOGNVYY OIYo OL WVYd0ud 


OPA GODS HO HED OH Ho 
WYH90Ud SdVANAS VY 


QIYONAS wvy90ud 


QN3 


d0ls 
101d dOlS 11V9 


GCoveove eceovooevooeeqcovoeooooou eee 0VC0C°o 


B-10 


TE OL O09 

LVT HLNOS HO ONOT LS3M NI St V3uv 41 NOTS 3LVIndOYddVY SONVHO 
ONO, 0° Te =ONO ly 

(0°09#9N0 Ild)= INO THEONO ly 

Lvige(0°09eLy 1d) sLv1e 

0°098 INOIW=9NO 18 

0°098 lviv sivie 

< Z2L°tL*To(3dALl) 41 

(790¥# y3aWwnh 3YvNOS 33y930 BATS YOd “LNdLNO#* x02) LYWadd 
2070SW (002419) SLI UM 


(///9VS!S*S4OSzSeTT PE *O0lsSea Guvd IOXINOO #) LVWudd 


IO1OSHWE 


SLOAT dS aGALIS LOLIENVIWNFOIYD* ONG Ids LUT s ONO TW eLv Ty (€02°T9) SiTUM 
(ov) Luwuos 

IOIDSW *20e HONNd 

(9V50°G4*ZT 6ST *T1*0°015S) LVWHOS 


TZ 
002 


€v2 


e002 


OT 


20 10SwWL 


SLOATASSdALI LOLI ENVIWECTYHD SOND Id * LV IGS ONO TVS LV I¥6 (01609) GV3y 
Si3SI*t2=171 29 OQ 

(SI) Lywy0s 

: SL3SI (102609) GV3u 

A=X OL LIWIT GNY NISTINO LYSANOD ONY GuVD WOYLNOD NI aV3y 


Tod 


(28) 3A 6 (28) Zv* (06) LOT ® (06°28) 28% (06% 28) AT 


6(06%29) xd? (Zu) AW? (28) xv* (28) 1S10* (28) 2* (28) A* (28) X NOISN3SWIG 


QT90 3000* M1LVO* ONYSIIOAUNOSIAVG °Wel AG N3LLTamM WVu90dd 


°WVEDONG NIVW SHI NI S3T8V1uvA IWNCISNSWIO 

T BH, JO 4ZIS SHL OL TWNDS 1SV397 LV 3A AINOMS SANT AnOwsNs 

3HL NI SSVBVIYVA TWNOISNSWIO 2 JO NOISNSWIO 15398¥) SHL 

*yv3uV JHL 4O NOISNSWIO LS39N07 3HL NI STWAYSLNI GI¥9 JO°ON XVW 
3HL OL = NOISN3WIO AST 3HL GNV JOLT OL = NOISN3WIO GN2 3HL JAVH 
SNOISN9WIG 2 HLIM SSTAVIMVASWIHOONd NIVW BHA NI *uSLV3N9 

SI y3ASHOTHM V3NVY 3JHL 40 NOISNSWIG LS39NO7 3H, NI STVAXSLNI 
Orw9 40°ON XVW S3HL YO 3NTT ANY NO SINIOd 40° ON XVW 3HL OL 
G3NOISN3WIG 38 UINOMS NOISNSWIO T HLIM SSIGVIUVASLOI Od 1d39KX2 


o 


CevcoeouoouUvC COO’ 


B-11 


(1)X#O*T= 3(1)X 

S$60S66H6 (3dAll1) 4! 

(lyy #0¢t= e(1)x 

ONOTWH-INO 12 (1) x 

26762 (QNOTH*LV IH) ST 
wOVeL STHL Ga¥d ysV7 4I NO3HI 
0°0989N010¢9NQ 1394 (0°0979N014) 9NO 1H 
68062000%#(0°09Hlyid*lLyia* (0°09/L074) ) HL0 71H 
(0° O0T44 (K2£0°%460°%4) 2) LYUWHOS 
(1) Z¢9N07369N017061V15°10170(02°09) GV 3u 
0°0=9N0 14 
O° 0eiViI4 
€6 OL 09 

68062000 elVIH =2LV 1H 

(0°O024€) LUWwHOS 

(1)Z2°LVTH*9ONOTH (06°09) OV3u 

€°€626 (3dALI) 41 


Tel 
66°6666 =Hd1V 
(€1) Luwao4 


Z WHLN (02°09) 0v3u 

A@X OL LYBANOD® VLVG GNVeON OVeL OV3u 
SNOWs0°T= S9NO Td 
0°09%9N01d=9NO 1H=9NO 14 


Lylq=( (Ly Tt NISeZ€6R92°ES= (dw3l) OT90 1VHS702°ST62) FLV 14 


(O°ZsLVTd%d¥) SOD s(0°2/LV 1H edV) NISedw3ad 
CESPLTO° #1 IdsLv ay 
0°09e89N0 1V29N0 18 


(LYE) NISH2E6B892 PES (dW35L) OT90TVe S702 °ST6ZELV 18 


(O° 2/, 0 184dV)SODs (0° 2/LV19*%d VI NISEdwit 
BoESEL° OSV 

CESPLTO®s LV IVWSL1V 14 

te OL OY 

SNO18=9NO Id=9N0 1a 

LVL Id=elV ly 

INO VWW=9ONO 16 

LVVWelv le 


96 


OL 


02 
Te 


ed 


To 


B-12 


SNNLLNOO 
T*24sIym 
(V4) Z= (9M) ZV 
(VH) AS (OM) AY 
(V4) XS (ON) XY 
TOL OL O9 
L+dn=0y 
dvee 190¢(wH)AS(GN) AV 
dV#2 1906 (Vy) Z= (Gn) ZY 
OVet Wade (VN) X=(GM) XV 
orsov 
or *oNsuy 
AW3LI*T=0r €o2 Od 
dW310/( (WV) A= (8) A) SET9G 
AW31L0/ ( (VN) Z= (8m) Z) 21350 
AW3LG/ ((V) X= (8) xX) BT 1390 
(V4) AS(ON) AV 
(V4) Z= (94) ZV 
(V4) XB (OW) XV 
T*dn3alledw3alu 
202 OL 09 (0°O43%dW3LI) SI 
(OlYa9e0®T)/ (0 (WH) X= (GH) X) SGw3aLll 
Levheum 
ANéTsyy Tod od 
T=» 
LeNsoNn 
AINO 3SVH ViVG IOSn HOS YOL OL 3H3H NOUS SCYVd 
Telsn 
SNOTLISOd OL 3NT7 S3HVNOS ISV37 LI4 MONS G3HIS3C 
4I & {NaW3LVLS BONVHO*1S¥3 SI JONLIONOT S3IWNSSVY WVEH9O0dd JLON 
66 OL O09 
t+lsl 
Lv 18 <((LUTHINIS#2€6992°EP# (dW3L) pn PIOWSSHOL STOLI EI(IDA 
(O°2Z/1VTH*d¥)S09 /(0°2/LVHedV) NISSdWaL 
vl O41 OD 
LV18- (6806Z000°/1LVIH) HLTA 
SL°EL6EL (3dALI) Al 


Tod 


c0d 


eO4 


B-13 


1S31 LOAId 
Q39Iv4 aVHL SLNIOd dN WITd OL NOVEL NO SOuVmNOVE aay 
t¢ sv 
ve (1)XxXVecv =(1L)Av 
(((O®Te#2endv) LHYDS) S(TV8 (1) Xezdve(l)A))Save(1)isia 
N6é{el 9 OW 
SNWA Z 193ud09 HLIM WOVeL OLNO*SLd d¥W ONY LOAId 1STt HOds 3SN OL 
3NIT WOVH, Wodd BJONVISTIG LOATd NVHL SS37 LNIOd ¥V yOd HOYNVSS MON 
X2veTV=EA SI 3NIT S3YVNDS LSV31 
(aXet2*Bstoense*Bd?aBA SI 3NIT NOWHL w*ETow ON HOWYL aw) LVWNHOS 
2V°TVSWHIN (TOTST9) SJLIYM 
10000°0 * 2V & 2v ( [00000°0*11° (ev) Sav) al 
V/(NVeTVe0) S2V 
(QenVeGaNy) /(Ved=-8e) =1V 
(1) X@(1)Ae0sQ 
(1) A¢0390 
Cee(l) xese 
(1) xevsy 
NétzI S OG 
0°0s0 
0°0s9 
0°028 
0°0s9 
NSNnv 
(F)ZVe(C)Z 
(RIYAVEINIA 
(PF) xKXVs(P)X 
N°Tefr v02 OU 
IW=EN 
(G4) Z2(9) ZV 
(BN) ASIII) AV 
(9H) X=(ON) XV 
(2vecv) S( (IT A@ (1) XweVeTV) (1) XV 
2ys0°te sly 
SNNTILNOOD 
£*8¢8 (LOAIg #(1)1S10) 31 
NéTtel 2 OU 


Tot 


904 


~ @ 


oC KU 


B-14 


(zee Alyde Zee (G1Y9e2V) )1y0Ss07130 9I 
LIS9T*9L (gete (ov) Sav) 4l oF 
O°2/01Noz0I1YU9 del 
2el*o0etegat (nvaw) di Tet 
2v=ov €8 
Og *eRsEe8 (T=xXdLN) JI 
O© ONY 2E yN3w3LVis NI TeON WOWH, AB GIWMOYLNOD SI SIHL*NOILI3N10 
A WO X NI SI NOILVVOGH3LNI JY 3NIWY3130 OL INVEOVNO WISHO 
eid 1ST WONd NOVGL Nwod JONVISTO ST 378VIuvA ANAON3Sg3ONTI 
Sid GlYd yOS SLVWdHSINI OL SNIVGS IIGND 3SN MON*S3AIVA Z LI30H09 
HLIM XOVHL OLNO °Sld LAGNI WIV G3dd¥W 3AVH 3M LNIOd SIHL LV 
(T°oTdE) LVWHOS = 20 
(N@éTey 6(I1)Z6(T)AVE(I)X¥) (20TST9) SLTUM 
Quvco 4X3N WOUS FD 3AOWSY A3HIS3d 3uv vLVO 3S3aH1 JI 
(aSLINNe?l?os%e= JOnNVLSIO LOAId HT 
QVdL OLNO G3dd¥W WiVO LNdNI y A X #)LVWwd0d COT 
LOAId (€O0TST9) 311 4m 
3NNILNOD El 
(FYZ* (Cae ((PIAV@E(LT)AV) eZee (0) XV@(1)XV)) LYOSe Z19d) =(1)Z 
TV (I)X0eZ2vs(I)AV 
(2VSEVIS( (TI AS(T) Kee VOtV) S(1) XV 
(Cn ((CVAS(TIA)® Saa( (CT) Ke (1) X))LY0S7( (FR) 22 (1) Z) eZ 130 
tel =f st 
Et O41 O89 
We (1)xXV¥ecv B(1)AV 
(2VSEVIS((T)A@ CI) Xe€VeTy) Fi1) Xv ol 
Gl&oleot (LOAT@ @(1)4S10) 41 
NévIesI €L OG eI 
®Sid ONINIVWSY dn WOId OL WOVHL NO GuvmMHOS AYHOM MON 
Tt 04 09 
Czl 
(1) Ze ((2ae@C(RIATH(T)AV) come ( (PF) KXVeE (1) XY) )LYOSe@ 2190) 2(7)Z 
LV@ (fC) XVezve(C) AV 
(2VEEWIS( (PARI) KHEVO LV) SIL) KV 
(dew ((RYA@(LIA) © Sea (PF) K=(1)X))LYOS/( (1) Z2(F)Z)2Z139U 6 
6*2teat(r)al 
telef tT 


CoG ococeo 


) 


B-15 


(YSLVOELNIZ®INIX ONE Z*LSIO YSNI VS WII 
LyVise (O190eFV) sLnIx 

t-l=fv 

1or*tsl g2@ oa 

(#ONIDVdS Glyd WNOS LV HOVyl 


L YNOW S3INWA G3aLV1Ody3SLNI Z A xX #)LYWYHOd OT 


(vOT® 19) SLIYM 
(MHYLN) LOI =L08r 
O®T+(Q19G/ (nN) L510) =(4eiN) LIT 
(200 CCT)AV@(T) AV) ane (CT) xv (1) X7)) LYOSe(T)1ST1d 
N¢°t=I 6T OG 
O°t= =snols 
81 OL O98 
0o°t =N91S 
2v/ (LT V@ANV) EXAV 
G1Y¥9* ANVEANV 
luvis=0139GSLyVLS 
oZ°R6686((T) AV) Al 
Erez eel (T)AV=(2Z) AV) aT 
(Zae(ANV=(T)AV) ® Zoe (XXV=(T)xV)) LYOSSLYdvLs 
2V/ (TV@ANV) SXWV 
QLYDe#ANVSANV 
AWSANV 
GIYND/ (1) AVSAN 
(CapOlyO® Zee (2V/OTYU9) ) LYUS=d130 
Bl OL O09 
O° TSNOIS 
yuVezvelVeANy 
Gl49*KNVEXHY 
Luvys-0130= Lavis 
22° go*eo((l) xy) al 
17988 9se((T)XVe(Z) xv) aT 
(Zael(AWV=(L) AV) ogee (XHVe(T) XW) )LYOStLYVLS 
VOLE TARSO LTO 
Gle9axNveKnV 
KWeXHV 
QIYD/ (1) Xv=EXn 


6 
dh 
88 


oe 
ee 


B-16 


(C61) Zee (NZ 
xGe (mH) x 
(FELT)AGE(MDA 
[Tes 
ve OL O9 
SNNILNOO 
GE ol OF ((T00%#XG) 919° (7 oT) XEON® (T00%*XG) °17° (P81) xg) ST 
Lor *tsi Sse oa 
(ff) 29071 =19F 
LOLT* T=r gE OC 
66°6666 sy3LV 
=> 
T=dw3aly 
0°os(1) 3AV 
dw311*l=I €2t od 
O°L+(GIy9/1L0 14) Sqwall 
0°0=xd 
EStEECEE (0°T=(¥v) Say) 41 
A UNY X JONVHOMZIINISNOTLOSHIO A WY SVM SS390Hd FAO8V 41° NOTLI39NIU 
A NI S3N1WVA Glyud 804 BLVVOGHSINI GNV A ONISVYSYONT OLNI SINIOd 
LYOSsy NI SUM NOILYVT0dYSINI 3AOBV SI*S3NTWWA GIH9 ALNdwOd MON 
ZESZESTE (LOLI@-NULN) SI 
NNY STHL NO sNOVeL Viv ¥0d 
SS3904d 3A08V 3137dWOOo MON®*ON WOVYL = XSONI GN2 HLIM G3YHOLS 
ONV O€ ONY 2E INSW3LVLS NI 1S3l NO ONION3d3G A HO X JO SANTIVA 
Qs0vdS ANIwNOS Ly G3IfidNOD N3aq MON 3AVH Z 4O SINTVA GalvIOSe aunt 
ONILN 
((MOLN®T) Z86 (MYINET) AGS (MHINGES I) XG) (2OTST9) SLIUM 
OuvVd 4xX3N WOHS 9 3AOWSH O3SHISIO Juv WiVO 3S3H1 41 
LNIZ= (NN LNO1) Z8 
2V/(TWe (WHINE I)AS) = (HULNOT) XE 
NOIS# OLeOeCVecANVs (WULNOT) Ad 
eZ ol 09 
(MMLNGT) Xde2VeTY =(MXLNOT) AS 
NOISe# GLedeCVeyNV= (MYLNOL) Xe 
L2692692 (0°T=(9v) Sav) dl 
Z 40 3NWA~ G3ALVIOgHSLNI _STHL HOS 3NTVA A ONY yx 3ALNndWOd MON 


9E 


se 


ee 


ee 


Se 


Le 


92 


Cec ocouo ooo 


B-17 


TS dw3lm 

0°02(f) 3AV 

dwaj1*tsr Tet ou 

(2¢dwair*ter *(1)3Av) $000T HONNA 


(2°dnBLTS Tey SCL) QAVECTIAWS(TIX0) (0S4T9) BLTUM 


O°2e ALY9e(WI)AVE(VI)AV 

0°2a Alyde (VI) xXVe (VI) XV 

2t¢dwairelsvI 62 od 
A 


(eylvd ATWWONY NWSW 2 if 


x Z A KX #)dvwuod 
(98¢1T9) 3LTum 

(D1) SAVe (BI) AAV* (VI) SAVE (OT) SAV 
2-vievl 

Tevi=sel 


ZédWSLICEZV1I Bel OU 
L2t*zet*92t (Edw3iy) sl 
(0°6/ (V1) ZV) *(v1) SAVE(VI) SAV 
dW3LT*TeVI Set OU 
geteattea2tt (NV3aw) 31 
INIZ e(vI)Zy 
XO a(VI)XY 
UNIX S(VIDAV 
(MALVSLNIZEINIX®NSZEA) ANTI VAS VIVO 
GLeyoeCVv elnIx 
; levl=rv 
dWail*tsvI S% 0a 
(OIHS4TO* TOWeZV Say exVsZeAeX) ALYOS VO 


xX JO ANIA SIHL HO4 A ONISV3YONI OLNI VWLVO L80S MON 


BE*BOTSBOT (=) JI 


FLVWOddSLNI Of 3NIT STHL NO Sid HONONS 3yv 3H3HL JI NIAHD MON 


(MeTeIO CT) ZE(CTIAS(I)X) (20TST9) BLTUM 


adv LX3N WOUS D 3AOWZH OZNTIS3G 3YV ViVO 3S3HL Jl 


dYSLNI VWNIS YOS VLVO LNANI 


(T°zd6e 2 X¥ HOS NOILISHIO A NI NOTLV IOC 
Zz A 4 #) LUWYOS 
XO (90T°T9 )3LTYM 

BOT OL 09 (0°03°N) JI 

3NNILNOO 


TeT 


Ov 


Bel 


det 


sel 
vel 


Ss? 


Ty 
BE 


90T 


ve 


ou VU o 


B-18 


AG (LOT*T9) adTuM 
Ttl OL 09 (0°03°H) AT 


9S OL OD ((T00®#A0) P19° (FET) ABPONY® (TOO® AG) C179 (FST) Aa) ST 


(Teds%ecxX ONOTW NOLLVIOGY3SLNI OIIVA YOS Sid HONONA LON #) LVWYOd 


Z A x 


SNNILNOOD 95 
(FST) Zae(y) 2 
(7 °IT) xXes(y)xX 
AGE(M)A 
Tenan 9S 
7S OL O9 
SMnILnoJd SS 
Lor *tsl 6S ou 
(FPF) LOI slor 
LOLI * ter 9S OG 
66°6666 SsYaLV 
02 6S 
T&dw3lm 
O°O02(1)3AV CET 
s dWwaj1*tel Zet oa 
0° T+ (GIY¥5/9N014) =dw3il 
0°02A0 €S 
6E OL 09 
Olyo*xasxd 9Y 
996149449 (Xd=9NOTe) SI GOT 
OT 
XO (OTT*®T9) S3LTUM B0T 
60T OL O9 
((C2°TTs* reese Toes E*KXT) Lywyod OS 
(2°Tld2) LyWwuOs O00T 
(AW3LT*pel* (I) Zv) °000T HONNd 
(AWSLTSTSY S(T) Zve(T)Ave(1)Xv) (OS*T9)3LTUM LE 
(oviVO G3q01H¥o TWNI4 Z A T 
Zz A X #)LVWYHOS OF 


(09619) 3LITUM CIT 


VLVQ Q300IHS SIHL LNdino 
60T OL 09 


Tedwalnedwalr Yel 


o2t OL 09 


#) 


B-19 


(2*dwall*tezy 


dUSLNI VWANIS YOS WLVO LndNI 


(2°dw3ll® 


(O9*T9) 3LIUM ELT 
ViVG QS00TH9 SIHL LNdino 
IT OL O09 
TedW3Ly Zdw4alyr SET 
EET OL 09 
Lt=dwaly 
0°0=(f) SAV 6ET 
dW3LI* TSF 6ET OO 
T2I *(1)3Av) *000T HONNG 


S(T) BAVE(TIAWS (I) XV) (05479) 34TuMm 


(WI) AW s(¥I)AV SET 

(WI) Xv SlyI) Xv 
2*dwail*levil set od 

(08*T9) S1Tam 


(91) S3AV¢ (81) 3SAVO(VT) SAY S(OT)3AV LET 


e*vIsol 
Tevl=al 

2*dWw3alT*e=evl Let OG Get 
SETSOETSSEL (EedWaly) di 


(0°6 S(VI)ZV) (V1) SAV S(VI)SAV VET 


dW3LT*TevI vet OU eel 
CELSETLSETT (NV3W) JI 
LNIZ s(vI)ZvV 39 
AQ S(VI)AV 
ANIX S(0I) XV 


(HSLYOINIZEINIX®N9Z6KX) INI TGS VIVO 


GI ySer VELNIX 
TevIety 
dwalI*tevi s9 0a 19 


(OTHOST eS TeweZ7ueyyveAVeZ*ysA)ALYOS VIVO BS 
A 40 3N1VA SIHL HOS X ONISVSHONI OLNI WLVO LHOS MON 


Zz 


BS*TTrettt (e+) sl 


SLVVOdHSINI OL Sid HONONS JI HOSHO 
(M®TelO (TI Z9(LIAS(T)X) (20T4T9) 3LTGMm 
Qauvd LX3N WOY4 9 3AOWSY ASHISSO Juv WLiVO 3S3HL 41 
(T°,4¢e = A HOS NoTLOauTO X NI NOTLVIOT 


A 


#)1VwYH0s LOT 


| S 


ooo oO 


B-20 


07100000 
0€100000 
02100000 
OTT00000 
00100000 
06000000 
08000000 
02000000 
09000000 
05000000 


0€000000 


Tee» 

NYNL3e 

(Ten) ASLNIA 

G6969( (T+) X=LNIX) SI 

Nanisy 

(U)AsSLNIA 

4 ol 08 

t= 

]°teod ( (1) XeLNIX) SI 

t=» 

(ZEW) Ae (THEW) Xe (THEW) At (W)AT(T)X Ssaaly 
(D9WeASy)NOITIdS V1V9 

OTPESOL (YSLVe(ZeW) Ae (Tew) Ke (THN) Ae (W) Ae (T)X) ST 
(284) 96 (66) A* (66)X% NOISNSWLU 


OT90 S0OI*aLVO*ONYSIOAINGOSTIAVG Wel AG N3LLIaM SNTLNOd 


3NTLNOSENS SIHL 4O NOTLdINIS3O wos °33H NOLONINNASd 39S 


th 05 40 AE 1b OH HE Os op Oh ey OE HE a 
ANITANOMENS SdaVENAS V 


(MSLVSENTASINIK OWE A®X) SNIAWdS SNILNOMBNS 


ON3 

dOlS 

SNNILNOY 

6S OL O09 

GQIYS* AGSAU 

99°49%1,9(AU= Lv Ty) 41 

(TeLsfesa SNOW NOILVVWOdHSLNI GIWA YOd Sld HONONA LON #) LVWHOS 
AG (STtt¢Tt9) 34Tam 

gIT OL O9 

(qWw9LI*T=I*(1)Zv) S000T HONNe 

(AWSLI®TEY © (1) Ze (1) Ave (1) XW) (0S*T9) SLIYM 


“9 


99 
vt 


Stl 
tt 


4s 


B-21 


0€ 00000 
024900000 
01900000 
00%00000 
06€00000 
v8E00000 
02600000 
09€00000 
05¢€00000 
0¥€00000 
0€E00000 


00€00000 


06200000 
08200000 


05200000 
09200000 
0€200000 
02200000 
01200000 
00200000 
06100000 
08100000 
02100000 
09100000 
0ST00000 


(2S9T) ually de ( (2) de(T) diated (2td)y 
(E*T) Vall) de(2)dal(e*2)y 
(2Zyav (lt) az(e*tiy 

(Jas (tya=*T@=le*tiy 
(Tey) d= (4) 32 (4) 

WN* gen € OU 

(MGs (CM) Am (TOMA) 2B (mM) 
*O/(W)G8(W4e| 

(M) Xo (Tem) Xe (NM) G 

WN Ts 2 OU 

Lewenw 
(28) Zt 

(28) @6 (Eee) y* (28) 3° (28) d* (28) 0* (2844) 98 (66) 4° (66) X NOISNSWIG 


OT90 300D* dL VO*ONVSIOAVN®SIAVG °Wed AG N3LLIUM 3NILNOU 


1 OD Sb 0 4 OO OH ao th 00 dE OO 
SNILNOYBNS SdVANAS Vv 


(JSWSASX)NOIT IGS SNTLNOWENS 


ONd 

Tl 04 09 

(eD3LV1OdVoLyS SUM #2°0T4¢g,NOITLISOd LV 3NTIWA NOILNVO o) LYWauUd 
LNIy *TOT INTYa 

: Nunlaa 

( (469) DeZaw (C4) KOLNTX) @ (OZ) 2) @ CCM) KOANIX) @LNAABLNIA 
((H°E) DeCa@ (LNT Xe (Tod) XK) @ (HOT) DS) @(LNIK@ (TON) X) BLNIA 
9 OL 09 

Texan 

Nunisay 

(WM) ABLNTIA 

TT ®ST ET ( (CM) KELNIX) JT 

4 ot 09 

Toenws»m 

CollL*tL (Hew) JI 


ToT 


CCcCOoCce Oo 


B-22 


02900000 
09900000 
05900000 
07900000 
0£€900000 
02900000 
01900000 
00900000 
06500000 
08500000 
02500000 
09500000 
05500000 
0%7S00000 
0€900000 
02500000 
01500000 
00500000 
06700000 
08700000 
024700000 
09900000 
05900000 
0%%700000 


UNJ 

(y) dw ltey) Z2 (mI Gs (Te HAE (yoo) 9 
(Wy da (4) Z2 (4) 0704) As O48 E) 9 

De (Tey) Za(neg)9 

Oe (4) Ze (neT)O 

((y) Ge®9) 7° T30 

WANS TeX g OO 

(E)Ze (ES) Ve(2) Za (Set) vee(t)Z 
(Tew) Za (6H) Ve (NM) Gein) Z 

I@w=s 

NN¢tsl 9 OG 

e@WENW 

(26W) V/(W) Ha (W) Z 

(Ten) Ge (Tow) v2 (Zen) de iW) 

(ES Tew) Vell éw) V*0ee(29wW)Y 

(E€* Zen) yeOr** TS({T on) Y 
(Tew) G7 (e#w) GeO 
(2Zew)V/ (HN) ds (hd) 
(2°N) YIN) delEe WV 

(ToW) Ga (Tow) d= (x) da(n)d 


(ES Ton) Ve l(Ted) de ( (uM) de(Tan)d) arcdz(2eny 


WASEEy & OG 
(262) 0/(2) e8(2)a 
(2ta2dus (eter val(etany 


B-23 


T@=ayXsey 
Tey=zy 6ET 

6ET*v2t*y2t (anw@“an) sl 
e~*Is0n gel 
OET*teteta2l (3U0n) SI eel 


= Lor eel 


GeT*zetszet (ay = (1 
if 
E2t2ztsletldw3s) 41 Vet 
O2T*22t*a2at (0*9/O1ya9=( (dW3aL)SHV)) al 
((TeL)AS(F)AV) #3009 sdwal ZeT 
(T)A = (PAV 
oeLor 


Sd 


I =I Tél 


tel 621 


ter 

3009f 23009 

» 8 Oy 

(66) ZV (66) AV (66) Xv * (66) 7% (66) X* (66) A NOISNSWIG 


QT90 SCOI*HYLVOSOQNVSIOAUNOSIAVA Wed AB N3LLTYum SNILNOW 
Z ONY X Q3LVIOOSSV HLIM A 
dO SANIVA U3LHUS SI INdiNOsdsGK¥O ONISW3YHI3G NI G3LlyuUS SI A 
*Tes3G00r 41%d3gu0 ONISVSNONI wl OsLYOS SI A*leead0dr 4 *OanI Vise 
Suv A 4O SANTIVA VW1V 023900N 4ISQ3A0W3YN 3YV SHIVA SNUTASYa 
JO ANI OlyoSe*NIHI IM Suv HOTHM 4 4O SENTWA*T=S3SGON JIA JO HLONS TEX 
A HLIM G3,0IDOSSV S3NWA=Z*x *G39LHOS 38 OL STAVIYVA LNdNISA 


Pb HE Ab a a Oh a Sb HE ep Ob Gp 40 OME Oe HE HP OE 
SNILNOBYENS SdVANAS V 


(Q149*3G00F S3dOMeysZVOAVEKXVEZEASK)ALHOS JNILNOYENS 


eeoueoeecocecuc 


B-24 


UNA 

Nenisda 

(I)zZv = (1)Z 
(l)xv = (1)x 
(I)AW = (T)A 

wet = I S€T OU 

({ “ANZ & (WIZV 
(tT =dy)XK = (WH) XV 
(tT #@W)A & (S)AV 
Teg neem 
BETSLZETS2ZET (LOC) Sl 
6d€1t OL OW 

tl - &y es Oy 

(VMIZ = (1F0Z 
(WH)X = (1LF)X 

(VWHIA = (LP DA 

T=» ve sar 

g4*iy = wy vet Ou 
ECELT*EETSIEL (NX & P41 

tefer 

€ 8s 1m 

(WZ 8 (PZ 

(T)x & (f)XV 

(TIA & (F)AV 
eelezatedel (19) 41 
Zz€l o1 09 

Te w=» 

1 » @y sc Uy 

(FZ = (SF )Z 

(Or )XK = (4dr)x 

(APIA = (SRA 

te Ores J 
@yceawegr 92t vt 
S2t OL O09 


sel 


#El 
Let 
eel 


vet 


Tel 
edi 


921 


vel 


B-25 


LO\ddOLS V1V9 


(AS®X FPSTIOVTETIOTINGOA SOK EBA SVACEX SUK ENNOWWENEW) HMOLNOD TIVO 
(62%€80002*Xu01S)SLOI1d V1V9 


BNNILNOU 69 
(2°tld2) Lywdos OS 


(WeTer? (MOF) Z) (06°09) GV3" 


N*Tsy 69 OQ 

(N) LVOJdzuxX 

(N) LVO14938A 
(O°OT49° VIS) LYWYOS T 


DASOKEVASUXOENNSWWE TONS WE N (1909) 0034 

(x)S109 SI X30NT ON2*(A)SMOW SI ZNO X3ON1 ISuld 

S3HONI WWwI930 NI SIX x 

40 ALONSISOX*SSIyY A JO HLONATEDA °S109 JO*ON=N*®indNI SMOY JO°ONEW 
S13A37 HMOLNOD JOON =TON*S3NIWA HNOLNOD D3yI1S30 =19 
(°0084*000Ts°00Z14*00¥vTE 
*°009T%*008T**00024 °0022* *0042% 900928 *00g24 °000E* *002E * *00nEe19) 2 


( He® Hee He * 
Hes He° He He ¢ 


He ° Heel 
H8=sS 198V 1) VLU 


(TOTS¢TOT)Z /XIYLYW/NOWWOD 


Ad NYSLXS 
yd WnySLx3 


(026001) V8 (0S) 996 (0%) S13av76 (0002) xyO1S NOISN3WIG 


QT90 S000*ALVOSONYSIOAUNOSTAVG °WeL AG N3LLIUM WVeN90Ud 


Ad *X4 NOTLONNS S3¥Inv3ey 


11d ONV *1d 139 *39val *nVOS *audINI £13807 “YnOLNOD S3NTLNOUsNS S3uINoO3Y 


Qg3sn 34” S$13897 ON 


LYVHO 308N0S 3HL SV 39V9S 3WVS SHL LV AVTHaAO NY SI LOTe BHL 
=S3SOduNd ONINIZHD YOd V3YV IOIOSW 4O SYNOLNOD HONNOY SLO1d WVy90Nd 


HHHHEHE HHO BEBE ODT OH 
WYYOO0Nd SdVENAS ¥ 


Y2NOONAS WV d9Odd 


couou 


OCCceeoeuovevoeuoucne © 


B-26 


o0os2eTNOD 
QOEOTNODS 
0O0ZOTNOO 


0098 Noo 
00S8 NOD 
00%8 NOOO 
00€8 NOD 


(ST38V7 SIXY AINO SLOTd MON) TYNTIOIYO WOU GSONVHD T3AV1 ANT LNOWENSeneneeeneed 


GN 
(ZE°OS39LTLAS 12° SOE **aZISA$ ( (04 °S*3Z1SK) S942") STXVW) 1OBWAS TIVO 
(92594 (G)ITLILIOOT® 66 %=8 ( (9G °2"371SK) HS9 2°) SLTXVW) IOGWAS TIVO 
(8696 (8) 311114010 %6°0"80) IOBWAS T1V9 

(WXde (KX) X45) eSSXZOX 

6° =3Z1SKks0 

0&0 

VxX=ex 

Ost 

(TISTLILI NOISNaWIG 

(0S) 19 ®AINST9N/S TENS 190/NN OWEN OW/SQDTONI/NOWNOO 
VASSUXSSSSASSASSSX OSX 

SAM SXH®SZISASAZISK SGASVA SEX SVX/SONNOGAX/NOWNOO 

(TOT) Z/dN3L/NOWNOD 


(Ad*xS*9TLILI) 13807 SNILNOWENS 


GN3 
As Ad 


(A)AS NOTLONNS 


GN 
X= XJ 
(x)x3 NOTLONI4 


GN3 
LLLZ4z4 dOLS 


Ul 
Sl 


B-27 


0029 Nod L°9(XH°L9°(1)Z) 41 S 


0019 NOD (1)Z=13A319 9 
0009 NOd 6 fy (V9A919°1L7° (1) 2) 41 
006S NOOO Tel=1 S$ mOdWST=r2Z0O0 ¢ TOIN* TeIStou 
008S Nod 057 § ZEXHE1NZASTO I 
0025 NOOO 6*6*T(19N) dT 

(€=* (AZISA=0°62) 4#S°06090) 101d 1199 
00SS NOD (VON) SSBVKSSTIAIN & DASSZISA $ OXS39ZISX 
00%S NOOO YASXWWA & VASNIWA & BXexWWX S$ VXSNIWX 
00ES Noo ; NN=IOONN $ WW2MOYNWW S N= TOON $ WeMOaW 
0025 NOO °SIXV®A JHL ONOTW G3LL0Id 38 OL NOITLONAS 3HL SI Ad Y) 
0OTS NOOO *sIXV=xX SHL ONOTY G3LLO1d 38 OL NOTLONNS S3HL SI X43 fe) 
0005S Noo °(I)A SHL *3StmM3aNI1 2) 
006% NOO ONY *G39Vds AINVNDS 38 O01 AswnSsv 3yVv (1)xX 3HL ) 
008% NOD 6SGuYOmM € 1X3N SI Vaev7 SIXV8A a) 
002% NOO esQuom € LX3N SI V39EV7 SIXVexX 9) 
009% Noo *SQHOM » ISYHYId SI 3WYN 1LOld ¥) 
00S% NOD 6SyaIvVeuVHD G98 08 NI S3WIL LOVd SHL SNIVANOO SUfai! fs) 
00%% NOD ST39A27 yNOLNOD BHL Suv (1) 79 a) 
VOEY NOO S73A37 YNOLNOD JO °ON SHL STI DON ) 
002% NOD ®SSHINI NI HdVYH9 SHL 40 LHOITSH AHL SI YA s) 
00T% NOO ®°S3HONT NI Hdvud 3HL JO HLOIM 3HL SI OX 3) 
000% NOO 6, ONY xX JO a) 
006€ NOOO SANA WAWIYYW GNU WAWINIW 3HL SHV BASVAS OX oUX 3) 
008E NOD GIy A@®xK (NOTLVTVOde3LNI AS)Q30NVdX3 JHL JO 3Z1S 3HL SI NNXWwW ) 
OOLE NOD GrwO Aey QZLVINIWI 3HL JO 3ZIS SHL ST NXwW 3) 
VO9E Nod (L)A ®(r)yx LNIOd LV SLYNIQUO SHL SI (FP ET)Z 2) 
0OSE NOD (1)19 NOISN3wlU 
00%vE NOD (TOTS TOL) Z7/KIYLYW/NOWNUD 
OOEE NOD (SE0%) WNGSWIGI/NIAVI/NOWWOI 
002 NOD (06) T3A3919 *AINSSIAIN/S ISAS TI/NOWNOY 
OOTE NOD VASSVKAISSSA®SASSSXESK SAME KHL 
000€ NOD SIZISA® AZISX SX UWA NIWA ®XVWK ONIWX/SONNOUAX/NOWNOD 
0062 Noo OINN*MOUWWS TOONS MOUN/S3ITUNI/NOWNOS 
008¢€ NOD (ASX S©STLILI EDO VONEDA SOK ORAS UA SEX OVX ENN OW ON ow) F 


TENNOSU3d NOISSIWWOD ADYANS DIWOLVY AG N3LLTomM ANILNOY 2 
0042 NOO YNOLNOD SNILNOWENS 


B-28 


oots 


OUgL 
OOLL 
0092 
vose 
0072 
O0ed 
002d 
VOTL 
0vu0d 
0069 
0089 
00L9 
0099 
00s9 
0099 
O0E9 


Noo 


NOO 
NOQ 
NOQ 
NOO 
NOO 
NOOQ 
NOOQ 
NOO 
Noo 
NO 
NOQ 
NOOO 
NOO 
NOO 
NOO 
NOOO 


(E=40°0%09S + 37 
(26 


(2°9A 
(259A 
(2°°0 


GN 
ISx) LO1d W1V0 
060) 101d 1109 
6°0)1L01d 11Vv9 
69X) LO01d W1VO 


69X) L01d 11¥9 


(€£0°040°0)1L00d W109 


HAVH9 3M) JO SH3NHOY uNOd SHL LY SyH 


Ww MOli 30V 1d 


°ONTNIS8V9 BOS WOVE Ald *O3971INg N3S8 SVH (Ad*XS*STLILI) T98VIIV9 SH 


(A 
5 


d*XK Ss) NVOISTIVO 
TA IN6 T2AINEOU 
dHSLNI TIVO 


(VAd=(XYWA) Ad) SOASSSA 


(VX d= (XV 

(NIWA) ASBVAS § 
(T=MOYWW) JLVOTSZ ( 
(T©TOINN) 4LV0 147 ( 
(T=mOUW) SLVOTSZ ( 
Been Oe 
1) 


TIOLOD $ KHe (TI) 13N 


(TeS*TAIN) 31007457 (TWSA310%XH) XH & 


WK) Xd) /9KSSSX 
(NIWX) Xd320xK4 
NIWA®XUwWA) SSA 
NIWX®©XVWX) SSX 
NIWA=KWWA) SAH 
NIWX@XVWX) SXH 
99=(1) 13A319 
SIA INS Te OTOU 
9792 (1) 13A300 
STA IN¢ dsly0G 
AIGLen=121 
SMNILNOO 

(1) Z=XH 


t 
é 


B-29 


006STNOO 
00SSINOD 
O8LSTNOO 


QNa 
dOLls 
(a(°NN NWHL YSLVIN9D SZ 


O9ZSINQOIT N yO WW NVHL 43L"39uNo SI W UBHLI39) #//e°dNOLNOD ANTINOYNBNS O1 Sul 


OVLSINQILINVYVd LAdNI LOBHSOONI JO 3SNVDIH GILYNIWY3L WVE90dG e® THT) 1 vWuos 


V2LSINOOD 
0OLSTNOOD 
009STNOOD 
0OSSTNOD 
0O0*STNOID 
OVESTNOD 
002SINOO 
0OOTSTNOI 
VOSTNOOD 
0069INQD 
008% TNOO 
0UL9INOD 
0099TNOO 
00S¥TINOI 
00XVINOO 
OOEYINOD 
002¥INOOD 
0OTXINOD 
VOOVINOD 
006ETNOOD 
0OsETNOD 
OOLETNOD 
0OSETNOD 
VOSETNOD 
O0vETNOO 
OOVEETNOD 
0O0ZETNOD 
OOTEINOD 
OVOETNOI 
0062TNOOD 


666 INIda 

NYNL3y 

SNNILNOO 

UTOLOD & SASAXZAK $ Tee $ (AXINNIZE(T EW) WV 
CTSTT* ll (wwe) JI 

AH@L2h 

6B *B(LEAX) AI S Tewen & SA*AXSAK $S (AX) NNAZECT OW) WY 
(2VETVOOVSAHO LEP) LTSTIWO & TWeesr6od 

VACAHSL & VASAX & TeX & (1 *P) wie ()Z 

we Terdud 

NN* T2I2Todg 

OLOETPELT (wwen) Jl 

SNNILNOO 

vOLOD S$ SX*AXSAX § Tobey & (AX)NNAZE (HOT) WV 
9°S®S(NNe») SZ 

KXHelLol 

C*S°S(LOAX) HI S TeweyW S$ SK*AKSAK S (AKINNIZE CHT) WY 
(2ve TVS Ov XH Ler yilativo S$ IN¢eefEou 

V¥exHeL ¢ Tan ¢ VXSAX g (FST) WVB(T)Z 
N@tsflyd 

WeTslg0u 

Lest *9T (NN@N) SI 

Tewatw $ Tenastn 

Zaahacdv*Aalvt0Vs(A)NNAZ 

NN ®WWENOW/S3DLONI/ZNOWWOO 
VAISUXSOSSA*SASSSXESKXT 

SAH KH POAT OK BAS A SOX S OX/SQNNOGAX/NOWNUO 
(LOT) Z/dN3L/SNOWNOD 

(TOTS TOT) WY/KXITULYUW/NOWNOO 

AySINI SNILNOWENS 


i 


-_ = 


= WeVN CMF 


WO 
a) 


B-30 


0096TNOOd 
00Sé6INO9D 
00961NOO 
O0E6TNOS 
00Z6INOD 
OOT6TNOD 
OUV06INOD 
0068INOD 
00B8INOD 
OULBINOD 
00SBINOD 
00SBINOD 
00¥8TNOOD 
O0EBINOD 
0028 INOS 
OOT8INDD 
000BINOD 
0062TNOD 
008LINOD 
0042 TNOD 
0O9LINOD 
0USZTNOO 
00%LTNQD 
O0ELTNOI 
0OZZLTNOD 
OOTLINOS 
0O0LTNOOD 
0069TNOD 
0089TNOD 
00L9TNOD 
0099TNOOD 
00S9TNOD 
00y9TNOD 
0OESTNOI 
0029TNOO 


09*°094GE (AJ@ (CT) WY) JI 

aTacrer $ TIN®T210900 S&S Lewldeiner 
SNNILNOO 

(Ad*x 3S) 39VyuL 1109 


SeSIZ0SI $ OsAQY $ TEXGI $ LNBATSOAIS TeLweXxT=0XxI 


L2°L240E (AD@(T2P) wy) aT 

OE S0E*S2(ADI@(C) WV) JT 

Tefer $ TLW*TSI0EOO $ TewlGellNelwer 
SNNTLNOO 

(Ad*X 39) 30VeL 1109 


LzSIsOSI $ Tesa,ql] $ OexXdI] § TeI2AIZ0AI & LWextsOxI 


LT8LZT802N (AD= (WIO4l) WY) JT 
02202% GT (AQI@=(F) WV) ST 

wlderer § TIN¢Te#l0200 $ wideiwer 

SNNILNOO 

(AgoX 5) 30vaL T1V9 

OSAQI $ T=exXO1] $ T=SI=S0SIZAISOAI $ Tel=xle0xl 
LS*2S4OTT(Ad=® (Tl) wv) al 

OTTSOTTSSS(AD™ (1)wv) al 

Taw?tsl OTT OV 

T®eLNeTiN $ T@lwetlw 

(AN) 193SAN9 

O=ssIsdN 

(TOTSW10) VivU 
(Te*LesToscQgsyo sl eoeTmsOete{ se sOspatbloaxnl) vivd 
WIG® 93H wSSSLNI JadAL 
(EO9TIAS (E09T)X® (008) 93u% (8) ANT ® (8) XNI 2 
SdOQSOATSOXISOST®SISAO*NG AN FC 
$SSTSACTSXOISAISXI *WIG/NIAVI/NOWWOD 

Ln? Lwe (2) WAO/S39TONIZNOWNOO 

(0S) 196A INS TON/STSAS1I/NV /X TY LUW/NOWWOO 
(TOTSTOT) WY NOISN3WIO 
"3 ev ilvAv 3Yyv Ag 


N3HmM G39LL00d 34UV 3NIV YNOLNOD 3NO 3O S3NTWWA (A*xX) N 


®°V9A97 YNOLNOD 3BHL SI (A IN 


ott 


4S 
9s 


B-3] 


HL 9 
3H1L J 
19 9 


OOTSTNOISNOISNSWIO 4A ONY x SLI SUV LN ONV LW POSHNOINOD 38 01 XITu1VW AHL SI WY 9 


0009TNOS 


(AS*XSINVOS SNILNOWENS 


000&2NOD 
00622N09 
00B22NO9 
00LEeeN09 
00922N09 
00S22Nno90 
00v22N09 
00EZeENOD 
0022e2no09 
0OTZENOD 
00022No9 
d00etT2ZNO9 
00OBTENDD 
00LTENOD 
009TENOD 
0OSTENOD 


00*vTeNOD 
O0ETENOD 
002ZtT2nod 
0OTTENOD 
000TZNOD 
00602N09 
OUgSVENDD 
00L02NO90 
0090¢N029 
VOS02NOD 
009UZNOOD 
00E0ZNOI 
0020engd 
OOT0ZNOD 
00002N09 
V066lINO9 
VO86INOD 
0OLELNOOD 


ACTB(dn)yO3duN S$ Le gnZdN 
40109 & (t#xT) 4LVOTSE(NIA 


(CAR PACT awl) We (AL) WY) J (AD= (API WY) (AGT) SLVOTS*¢ (TAT) SLVOTS8(N) X 


9*9*S(xQI) JI 

Ze*e*E(009TEN) JI & T*#NEN 

AC *XQLeAOTaWIGsAw & XI*@¢(T@eAL)awidedAr $ USN 
WIG°I3y ySOILNI SdAg 

(0S) 19 6AIN®19N/§13A379/NOWNOO 


(COOTIAS (EU9T) X® (008) 934% (B) ANI ® (8) XNT é 


SdOGSOATSOXT POST SSI PAO*No an L 
SSSTSAGT*KQISATSXI 8WIG/NIAVI/NOWNUO 
WAdSUXd*SSA®SA®SSXOSKT 

SAMS XMOSIZISASSZISKSGASVA SAX SVX/SANNOBAX/NOWWNOO 
LNG LW (2) WNO/SSIIONISWY/XLYLVYW/NOWWOO 
(LOLT*TOT) WY NOISN3WIO 


(Ad*X 5) 39vuL SNTLNOYWENS 


GN3 

Tinw@ 1381 

3NNILNOO 

(Ad*X 3S) 3DVaL W1V9 

T=SIZ0SI &§ OFAQI & T#=XqI $ PEALZSOAT & Tel=X{=0XI 
SANTLNOO 

6*0T4#6 (y=(01) 9394) dd 

dNét = Gl 6 OU 

te le» 

LeLeOt (aqde(Ted) wv) sd 

OTPO0T8§g(AD= (7) WH) 31 

tedea1 ¢ TiW*tslotou 

wroe te) ¢ linséeretou 

o=7 % TSSSI 

Sin TLNOY 

(Ad®X 4) SOVaGL V1V9 

E=STfUST $ L2AqI & OeXOT $ YeLNZALZ0ALT $ TSXI=0XI 
LE SLE S09 (Ade (W108) WY) ad 


et 
ot 


Ov 


ae 


B-32 


00L9EN09 
00992N09 
00S92N09 
00”92N09 
00ESZNOD 
00292N09 
00T92ZNO9D 
00092ZNO9 
006S2N09 
008S2NoO2 
0024S2N09 
V09S2N09 
00SSEN09 
V09SENOD 
00ESeNOI 
002SeN00 
00TS2N09 
0O00SENDD 
00692N09 
008vENDD 
0O0OL92ZNO9 
009%2NO09 
00S972ZNO9 
00%992NO9 
O0EVENQID 
002%72N09 
00T¥2NO9 
000%2NO09 
006€2NO9 
00BEEZNOD 
OOLEZNOD 
DU9EENOI 
0OSEZNOI 
00%E2NO9 
0OEEZNOD 
00ZE2NOI 
OOTEENOD 


(WAsd@ (WAeSAH (LT) A) AS) @SSAE(TIA 
(uXd=(WKXeSKXe (1) x) Xd) @SSKXB(1)X 

N¢TelyZou 

Ad*E0tiNIud 

LOLOO S XOT*XI 2X1 

20109 $ AQIeAIsaAl 

JESOECSE (HI) AI & (ATI LdL39TIVO 

OToLoD & ATsAr § I*SIS5I 
HESEETEE ( (AT) WVEQd) Sh 

AGLezAgl $ AUL*ALT=SAl 

TEOL09 & XGI@=XGI $ XGL+xI=xI 

OetoeseeglHl) 41 $ (AW) Lal3a9qIVvo 
ezéte*ta( (An) wend) sl 

. XOT*=sXGI $ EXI3x1 

(AM) LdL 39 Whwd $ AUIme=sAul & ZAISAL 

9Z0109 $ AGIe#=xAGI $ ZALBAI 

(AW) LdL39 VWWwd S KGlesxXOl $ &xlexl 
62*S2*oelyl) 41 

LOLOD $ (ANI LdL39 VIVO 
Z26ES6ES(g4IGeAD) ST F SS%a( (AW) WVe (AT) WV% (AM) WVe (AP) WV) BAG 
AGI*AP2A7 $ AGI“AWSAm 

TZOL09 & XOL“AW=A7 & KOI*ACEAm 

80109 $ AwsAC $ SeSlTeSl 

ZAISAl § exI=Xxl 

2°BlS St ( (AW) WVEAD) dl 

O2*LT Ol (hl) 47 S AC eKXQI*AGIawiGeaw 

ELSQOUCLN® SV9SATOONVe CAT PONVelwe 3s 1e2xT°ONveexl) 41 
ELOLOD $ AZ(N)A & XE(N)X & T#NBN 

LOOT COXIT®3NeXT*HOPOATPANPAluOeOSI*AN°SI) al 
ol*eti(ssl) al 

AGlexXGIleHI $ AQI*AIScAr $ xGlexleexl 
(SI)ANISAQI $ (SI) XNT=XOT 

veslesi 

64OTS OT (82ST) Al 

t*siesl 

(LAI) dLVO14B(N)X 


Ol 
6 
8 
Z 


(COXOTeAC) We (AR)WY) S(AD@= (AP) WY) #(XOT) SLVO TSO (TexT) dLVOTSE(NIA 9 


B-33 


00062N09 
00682N09 
00882NOOD 
VOLBENOI 
00982N09 


00S82NOD 
00v82NOI 
OOEBENOD 
00282NO9 
VUT82NOD 
00082N09 
00642N09 
00822N09 
00242N09 
00922N090 


00SL2N09 
00%22N09 
00EL2NOI 
002LenN09 
0OTL2NO9 
00022NO09 
00692€NO09 


ONG S VeXe®comsd & (MeVeX) axXe(1)Z59 
ZeeH/( (1) Ze(1)Ze( Tol) Zo (Tel) Z) aS vey 
H/( (Tel) Ze(Tel)Z) eSe0an 

(LOT) Z/dNS3L/NOWWOO 

(y9a*oeHexXe Tard SINT LNOWaNSs 


QN3 
A@ (AGT) ILVO 19% (T2AT) dLVOTIE(N) YX $ A@(XOT) SLVQ149¢ (Tex) SLVO TAB (NDA E 
G7(AD=(PIWV) HS°BN 2 
€0L109 & S®°en C 
Te2z(aysI $ dIG@(F)WV8E S$ TeNSN 
(EO9TIAS (E09TIX® (008) 93% (8) ANI ® (8) XNI A 
©AOGSOATSOXI POSIT SSI SAVSNG NT 
SSTSAGTSXGISATSXI SWIG/NIAVO/SNOWWOD 
(TOTSTOT) WY /XIULYW/NOWNOD 
(TF) Ld 139 INT LNOBENS 


GNd 

(°SINIOd LOTd 0091 NVHL HE? ¢ 

¢300W GANIVINOD LI 3SNVD39E G3LYNIWHSL Svm HI» T 
$S°OTSSI9A397 LV 3INIT YNOLNOD VHES*OHT) LyWwaOd COT 

Nunbsy 
(2 (LA ©(1)X) L01d Wd Sz 

NéTeIszou 

(ES (TAS (TIX) LO1d W109 

(0°SdHY4°0SADS809 SASK) YSBWNN TIVO 


B-34 


O€ INldd 

(//¢3°8VL YOLVDOT 31L4 WSIG SdVENASHTE*XLT) LYWHOd 6¢ 
6e LNIde 
2letial & (0) L539 1BWIL82L 
((89E2Z) LNOIOT* (T) LNOINA) GVSuWU TIVO 
: (90L62T)3LVIOTHU T1V9 
((89€2) GvV19079 (7) GV1907) 3L1T YMG VIVO 
(902821) 3LVI07NU TIVO 
(D8O3H9*NVYHE®S)N3dGONd 11V9 
(0) L33573WILeL 

t{tenew 22 
éten=em 

((ov*xXesoIE) €) Lywaod T 

(Wessel? (1) avLI071) *t avaay 
ON® ter Ll Od 
{=m 

2tew ¥ 

E/NSON © 

y OL 09 
T* E/NSON 
— O1 09 (N °H3® Eale/N)) sl 
veNZNn 
(92=N) VivU 


(B9EZ) 1N0D07* (e9E2) BV1907 NOISN3WIU 
60019009 dOSN* ONVAIOAWN® SBSNOHNOAMNVA °C eX AG N3LLIuM WVe90ed 


9603 3IT4d ASIO NO vOLR2T# SSaydadY 3AILVI3y 17 Slavis J18VL 
L4373WIL NOTLONNS ONY SOW3und “SLTUMNG *31VIOIWO *N3dONO SAENTANOWENS SauINnosy 


°3ZIS wO078 ONY *Ssauddy 
BAILV1399 *3WYN 37I4 4I3HL *SV3HV JOTOSW JO 378VL dN YOO) WV S3LV3u9 WVe90dd 


SHHHEHOE ERE OHO ORE ES 
AVEOOUd SdVENAS V 


JTAVLNAS WVeSOUd 


B-35 


(9097°G4S) SONSIVAINOS 

D01Wy YSOSANI SdAL 

907 Iau 

(G@2E2) 0079 (892) g09ve* (B2EL) a4g* (9TT*E9)Z NOISNAWIG 


S0023009*dOSN*ONVSDOAUNS SSNOHWOAMNVA *C°XM AB NALLIUM WVE90ud 


L4a37awls NOTLONNS Sauino3se 
3LV0 GNV *OV3uNd *3LIYMNO *3LVI0INO *N3dOWNG SSENITLNOMeNS S3ulno3u" 


wO078 HOW 
HO4 (WAN) 43ZIS ONY (3LV901) SS3NGOV 3ATLV79y dNSh007 GNVY 3714 SIG iNAaNVWUdG 
NO ViVG ITHLaWAHIVE GaddiYD "OS °930 S 40 (S)¥D078 V SBYNLINULS WVHDONd SIHL 


$$ Cb 9 tb Hh a 40 ob tb ae ab PHP G0 te HF OP A 
NVUDOUd SdVENAS V 


MIOTENAS WVYd0dd 


aNd 
dOLs 
(eSGNOI39S #w€°6dHeeS3sS300V WOONVY HOd SW1y a THT) L¥YWYOd OT 
4 ¢0T INIud 
(s2oVSXG*OTIE*XOT) LVWHOS Ue 
(EH) 1NODOT# (Ze) LNGIO TS (Tey) LN0907¢ (H) 1N090 71402 inlua 388 
O€ INlud 
62g LNIded 
(THT) Lywy0s VOT 
OOT ANIda OS 
BS OL OY 
0S OL 09 (M *O3* 268(26/y)) 41 
ee*NN® Ts» Be OU 
’ _(S*KBWHE © X96 WIOTEHS * X79 SSSUOGVHLL 
Koc /O94L SHHOKSS JO BZISHL® XS AATLYT3IUHe XE % 90 TOS WHOS XST)LywdOd OF 


B-36 


SNNILNOO # 
tl OL O8 
(FeN) VOTH sA3y 
(2¢N) 20 1Ve=eWNN 
(TeN)9071Ve & 3LV901 
(9OV®XPSOTIES KT LyVWNuOS 0002 
(EN) DOTWWH® (ZeN) DOTWHe (TON) IOWA © (N)IOIWH ©0002 INIdd 6 
8°6((N)IOWY ®03°9010SW) Jl 
®SONeT=Sn @ O00 
VaNZIN 
(0) L933 13aWILe2l 
((89€2)90 1VH* (LT) 907vH) GV3uNU TIVO 
(90282T) 31VI01NG Vivo 
(DBO SHR *NVYHE®S)NI3dOXD VIVO 
(0) Lda TANI Leth 
CAVOING SHV SAT SAVOTSHINOW) SLVU TV1v0 €& 
JOWOSW NO GasVE VWLVd GZI0QTYS Hos SS3YCCV dNH001 JV 
66 OL O9 \ 
(//9l# *ON W018 goal 
SUNVD WOuN4 UILHRIANOD SLNIOd VLVO O3GQTHD #%Ie AINO=HOuYNS #)LVWHOS el 
DOINSWENS eT INIYd 2 
6°22 (WWE SNOoW) ST 
MOUI @ WOOT =ww 
L“wew 
Teweaw 2 
(Jon) 2 & (W)OdS 
moulétey £2 OU 
JoIl*t=» 2 od 
Tey 
(2°TTd4) LvWHOs EL 
(MOMT*TSTe(I9F)Z) (ETSO9)GVEyN 9 
WOII¢éter 9 OU 
(OIE) LOWHoOd OF 
MOMI*® 1001 S90 1HSW (0¢E%09) QV44 
L39SI*t=eT1 66 OU 
(SI) Lywu0d S 
LasiI (9°09) QVau 
(925N) Viva 


B-37 


AN*TszI 68 Od 
Te (ST/WAN) SAN 
Slstn 

T2=>N 

(ON) Lda Taw, 29h 


( (WAN) 9074 (1) 907) GV3uNd VIVO 
(3LV¥901) 31V90ING WIV9 


(/72le6l Posy xT*ele nO #BleeSSsauqav aAlivige sl 


(O)LIFIAIWIL sol 


V ONTLYVIS 3114 wslO OL O30GV Sym ole J3uVNOS 334930 BALA #) LVWHO4 
SVIAISNOWSAVOT S39, VIOTF9OTOSNOOT INIud 


ett 
ett 
a 
ett 
ett 
ett 
ett 
etl 
ett 
etl 
ett 
ett 


OL 


09 


AF AFAHH AK HHH 


H3IBWIDIZ0HBB@NOW 
ySEWSAONHBSNON 
HY380LIOMLaNOW 
°* 1 d3SHSBNOW 
LSNONVHOBNOW 
AINC A eeNOoW 
INNC HK YENOW 
AVWHESENOW 
VludVAS2NOW 
HOYVWHSSNOW 
AYVNUESSISHBENOW 
AYVANYCALBNOW 


HLNOWI2TTSTTTSOLT SOOT SBOTSLOTS90TSSOTsHOTPEOTSZ2Ot* OTOL 09 


(0) L539 13WIL Fol 


( (WAN) G45 6 (T)G4S) 3Llumnd V1V9 
(31V901) 3LV907NG TIVO 
(ASM®NVUHE*SG)NSdONU TIVO 


(9) d59T3WIL FEL 


(317901) LVO 14d (WAN) OSS 
(SV3AT) LVONIS ©°006T F( TENN) G4S 
(HLNOW) LV0 142 (ZeWNN) GSS 
(AVOI) LV0742 (E@WNN) OSS 
(D070SW) LVO 142 (92WNN) CdS 
(MOHL) LYOTI2 (S@WAN) GSS 
(WOOT) LV01493 (92WNN) OSS 
(WAN) LYONS S(LEWNN) OSS TI 


OT 

etl 
ett 
TCT 
oll 
oot 
Bot 
Lot 
90T 
Sot 
v0T 
a 
c0l 
Tot 


B-38 


UNS 
d01S 
(ad 
V13 wSIO oy G3ICOV N33H 3AVM SNONTE BAOEY eeennd JO ANaeee #)1VwdOs O00T 
OOOT tNlud 


SNNILNOD 66 
(J/®SONOD3S #€*°64e= SS3D9V WOONVH wOd BWIL *)1VWyOS TOOT 

L°to0t LNIdd 
(9LeSL)¢(VleEl)e(CLetL) el 

YleynsCin 68 
S{+*WNsXN 

(2*64Slexl)Luwyod YC 
(CNSNERLE (FE I9D01) Sol Intdea 


B-39 


Liat iY ; , dl ie 
i i } 
ay ; 
a 4 cal mk mts 
' ; ME i‘ i ? 
, : I i} cay: \ 
i : 7 “1 
$ Ae 
i 
* 1 
i | 
; Sols 
i 1 ; 
1 i} i a a 


2% 


3) 


=n ¥ 


e 


; 
i 
rm ; 
bY i 
i Ww 
1 4 J . 


1 y 
ay pel ta 


APPENDIX C 
FORTRAN Programs for 


Accessing SYNBAPS 


All programs and subroutines listed in this appendix are 
subject to change without notice. Modifications within the 
programs and adoption of the system for other computers will 
necessitate major changes. The author should be contacted for 
the most recent versions of these programs. 
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